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S T U D IE S  O N  O V IN E  U R O L IT H IA S IS
Summaiy o f a th e s is  p resen ted fo r  th e  Degree o f D o c to r o f 
P h ilo sop hy  o f the  U n iv e rs ity  o f G lasgow  b y  A „ D a v id  W e a ve r 
D r .  medo veto  ^ Bo S c .,  FoR,C cV.S  ^  ^ in  Novem ber 1970*
O vine  u ro li th ia s is  is  a lle g e d  to  be a s s o c ia te d  w ith  
in te n s iv e  fee d in g  o f concen tra tes^  a typ e  o f husbandry w h ic h  
has s im ila r it ie s  to  m ethods o f-re a rin g  m ale sheep in  S c o tla n d , 
and w h ic h  may becom e in c re a s in g ly  common in  in te n s iv e  
fee d in g  system s in  rum inan ts  in  B rita in o
P a r t i  o f th e  th e s is  rev ie w s  the  lite ra tu re ^  in  p a r t ic u la r  
the  p re d isp o s in g  fa c to rs^  u rin e  com p os ition ^  and re n a l 
pa th o lo g y  o
In  Part I I  va rio u s  surveys reve a led  th a t o b s tru c tiv e  
u ro li th ia s is  v^^as uncommon in  B r ita in  excep t in  S co tla n d , 
w here th e  in c id e n c e  va rie d  from  1-10%  p r in c ip a lly  among 
housed m ale sheep , and w h e re , s in ce  cases vjere  o fte n  fa ta l ,  
the  econom ic lo ss  w as s ig n if ic a n ts
In  d e te rm in a tio n  o f the l ia b i l i t y  o f ov ine  u rin a ry  pH to  
change under d iffe re n t c o n d itio n s  o f s to ra g e , sam ples k e p t in  
screw  "top ped  co n ta in e rs  to  e xc lud e  a ir  underw ent no 
s ig n if ic a n t pH change in  24 hours *
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I l
In  ca th e te r is e d  sam ples take n  a t m on th ly  in te rv a ls  fo r  
seven y e a rs , from  h e a lth y  C h e v io t and H a lf-b re d  e w e s , a 
seasona l v a r ia t io n  w as shown in  u rina ry  pH , w h ic h , e xce p t 
in  a few  summer m onths, w as a c id ic ,  a f in d in g  co n tra ry  to  
most te x tb o o k  s ta tem ents  « U rin a ry  pH was s ig n if ic a n t ly  
co rre la te d  (p<C 0*01) w ith  u rin a ry  po tass ium  c o n c e n tra t io n .
S tud ies on fo u r housed B la ck fa ce  rams (h a lf-b ro th e rs ) 
showed th a t th e ir  u r in a ry  pH w as g e n e ra lly  a lk a l in e .  U rin a ry  
m in e ra l c o n c e n tra tio n s , e s p e c ia lly  m agnesium , w ere  h ig h e r 
than in  g ra z in g  e w e s . The u rin a ry  phosphcrns concentra tion , 
o f one tup  w as s ig n if ic a n t ly  ( p < , 0 .0 1 ) less  than in  the  others 
Feeding experim en ts  were ca rrie d  out on 172 B la ck fa ce  
sheep to  de te rm ine  the in c id e n ce  o f c l in ic a l  (o b s tru c tiv e ) and 
s u b c lin ic a l u ro li th ia s is  (presence o f c a lc u l i ) . Seven a n im a ls  
deve loped  a fa ta l o b s tru c tio n  w ith  c a lc u l i ,  a fu rth e r th re e  had 
n o n -fa ta 1 o b s tru c t io n , and 92 sheep had re n a l c a lc u l i .
No c a lc u l i  deve loped in  s ix  m ale lambs fed a m ix tu re  
g ro s s ly  inadequa te  in  ca lc iu m  (0 .7  g d a ily )  and adequate  in  
phosphorus (3 .8 1  g ) , fo r  12 0 d a y s . Two c l in ic a l  cases o f 
o b s tru c tio n  by  c a lc u l i  deve loped and fou r others had re n a l 
c a lc u l i  w hen ten ca s tra te d  lambs w ere fed a h igh ca lc iu m
11.1 .
(2 .90% ) and phosphorus (1 .70%) con cen tra te  m ix tu re  w ith  
roo ts  and w h ea t s tra w . K idneys o f ob s truc ted  sheep 
dem onstra ted  hyd ronephros is  and p y e lo n e p h r it is .  O th e r sheep 
showed e a r ly  fo c i o f p y e lo n e p h r it is .
Experim ent 2 em ployed a feed co m p o s itio n  know n in  the  
U n ite d  States to  be c a lc u lo g e n ic  b u t, d e sp ite  a subsequent 
in c re a se  o f the  po tass ium  a c id  phosphate c o n c e n tra tio n  in  the  
m ix tu re  from 2 .1 4  to  4 .28% , no a n im a l deve loped  o b s tru c t io n . 
E ig h t o f 30 sheep had c a lc u l i  a t s la u g h te r.
On a re la t iv e ly  norm al and narrow range o f Ga and P in ta k e s , 
d if fe r in g  q u a n tit ie s  o f concen tra tes  and roo ts  had no e ffe c t on 
the  deve lopm ent o f u ro l i th ia s is .  N ine te e n  o f 42 sheep (45%) 
co n ta in e d  c a lc u l i ,  in c lu d in g  th ree  fa ta l i t ie s  . L iv e w e ig h t 
in c re a se  w as un re la ted  to  the presence o f re n a l c a lc u l i .
The ca lc iu m  in ta ke  was then va rie d  in  42 ca s tra te d  lambs 
(1 .51  g to  2 5 .6 0  g d a ily ) ,  w h ile  the  phosphorus in ta ke  was 
low  (1 .9  " 2 .4  g ) . W h ile  71% o f the  a n im a ls  had c a lc u l i ,  the  
in c id e n c e  w as un re la ted  to  ca lc iu m  in ta k e .
The p re v io us  experim en t was repeated w ith  ram iam bs, 
and I n i t ia l ly  tw e lv e  w ere k i l le d  a fte r  135 days o f hay fee d in g  
a lo n e , seven o f w h ic h  con ta in ed  rena l c a lc u l i .  A fte r  96 days
IV
o f con cen tra te  fe e d in g , re n a l c a lc u l i  w ere  found in  22 /27  
sheep, in c lu d in g  tw o  an im a ls  w ith  fa ta l u r in a ry  o b s tru c t io n .
No s ig n if ic a n t  d iffe re n c e s  in  p lasm a m in e ra l values w ere 
dem onstrab le  be tw ee n  c a lc u lu s -c o n ta in in g  and o th e r she ep .
The p a th o lo g ic a l fe a tu res  o f o b s tru c tio n  w ere  s im ila r  to  tho se  
in  the  n a tu ra l d is e a s e . M ic ro c a lc u l i  w ere dem onstra ted  in  
re n a l c o lle c t in g  tu b u le s .
P y e lo n e p h ritis  w as common in  o b s tru c tiv e  u ro li th ia s is  
and w as con s id e re d  som etim es to  re s u lt  from  a sce n d in g  
in fe c t io n  from a u re th ro tom y w o u n d , and som etim es from 
b lood  “ borne in fe c t io n .  G lo m e ru lo n e p h rit is  and c h ro n ic  
in te r s t i t ia l  n e p h r it is  were ra re . In tra c y to p la s m lc  PA8 -p o s it iv e  
g lo b u le s  occu rred  in  the p ro x im a l co n vo lu te d  tu b u le s  o f sheep 
w ith  re n a l c a lc u l i .
On b io c h e m ic a l a n a ly s is ,  ov ine  u rin a ry  c a lc u l i  c o n s is te d  
o f t r ip le  ph ospha te , to g e th e r w ith  some ca lc iu m  phosphate  
and in  tw o  cases w ith  ca lc iu m  o xa la te  and ca rb o n a te . X - ra y  
c ry s ta llo g ra p h y  showed th a t some c a lc u l i  v\zere am orphous in  
s tru c tu re  w h ile  o thers were s tru v ite  (m agnesium  ammonium 
phosphate) or n e w b e ry ite  (m agnesium  h yd ro p h o sp h a te -
tr ih y d ra te ) ^
The re s u lts  are  d iscu sse d  in Part I I I .  As s tru v ite  is  "an 
im p o rtan t c ry s ta ll in e  com ponent in  o v in e  c a lc u l i  in  S co tla n d , 
u r in a ry  pH is  l ik e ly  to  be a s ig n if ic a n t  fa c to r  in  its  
p ro d u c tio n . From the  re s u lts  o f these  experim en ts  i t  appears 
u n lik e ly  th a t extrem e Ca and P in ta k e s , h igh  K ^H P Q ^, o r a 
h ig h  roo t in ta k e  are s ig n if ic a n t  in  p roduc ing  an Increased  
In c id e n ce  o f c a lc u l i in  in d o o r sheep . S ince a n im a ls  
deve loped  c a lc u l i  on hay fe e d in g  a lo n e , i t  appears th a t 
fa c to rs  such as c lim a te , g e n e tic  p ro f i le ,  o r e lem ents such 
as K and Na may e x p la in  c e rta in  d is c re p a n c ie s  in  the se  
re s u lts  in  S co ttish  sheep .
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P A R T
I N T R O D U C T I O N
U ro li th ia s is  is  d e fin e d  as c a lc u lu s  (u ro lith  o r s tone) 
fo rm a tio n  in  th e  u r in a ry  t ra c t ,  w h ic h  co m p rise s  th e  pa ire d  
k id n e y s  and u re te rs , th e  b la d d e r and u re th ra . The w ords 
c a lc u lu s ,  u ro li th  and stone are used syn o n ym o u s ly  in  th is  
te x t  o
T h is  s tu d y  w as s tim u la te d  b y  re c o g n it io n  o f th e  e x is te n c e  
o f o v in e  u ro li th ia s is  in B r ita in  and in  p a r t ic u la r  in  S co tla n d . 
S co tlan d  has a c o n s id e ra b ly  la rg e r sheep p o p u la tio n  tha n  
E ng land and W a le s  so th a t sheep d ise a se s  here have assum ed 
a g re a te r im p o rta n c e . U ro lith ia s is  has been th e  cause  o f 
s p o ra d ic  dea ths fo r  many years w ith o u t a n y  d e ta ile d  
kn o w le d g e  o f the  p re d isp o s in g  fa c to rs  le a d in g  to  the  on se t o f 
d is e a s e . D e s p ite  the  fa c t th a t its  occu rrence  in  man has 
been know n fo r  s e v e ra l thousand  y e a rs , and d e s p ite  much 
e x p e rim e n ta l w o rk  in  a n im a ls , the  a e t io lo g y  o f the  d ise a se  
in  man and an im a ls  has no t y e t been e lu c id a te d .
R ecent w o rk  in  rum inants in  the  U n ite d  S tates has' been 
in c re a s in g ly  d ire c te d  a t th e  b io c h e m ic a l na tu re  o f the  
o rg a n ic  m a tr ix  o f c a lc u l i  as a p o s s ib le  k e y  to  th e  a e t io lo g y  
b u t th e  re s u lts  a re  in c o n c lu s iv e .  Feed ing  exp e rim en ts  in  
sheep and c a t t le ,  des igned  to  s tu d y  p a r t ic u la r  fa c to rs  such 
as th e  m in e ra l b a la n ce  in  u ro li th ia s is  have le d  to  c o n tra d ic to ry  
re s u lts  and c o n c lu s io n s . M e a n w h ile , s im i la r i t ie s  be tw een  
th e  " fe e d lo t"  system  in  th e  W e s te rn  U n ite d  S ta tes and form s 
o f in d o o r husband ry  o f bo th  b re ed in g  and fa t te n in g  rum inan ts  
under de ve lop m en t in  B r ita in  have sugges ted  th a t in v e s t ig a t io n s  
in to  th e  a e t io lo g y  o f ov ine  u ro li th ia s is  sh o u ld  be undertaken 
in  S c o tla n d .
R E V IE W  O F T H E  L IT E R A T U R E
1 . DISTRIBUTION OF OVINE UROLITHIASIS
Though th e  occu rrence  o f u ro li th ia s is  in  a l l  d o m e s tica te d  
B r it is h  an im a ls  has been ackn ow le dg ed  (D ic k ,  1869; Y o u a tt, 
1893; F le m in g , 1902), o n ly  is o la te d  case  re p o rts  in  th e  la s t 
c e n tu ry  have re fe rre d  to  sheep (Read, 1840; G u tte r id g e , 1840;, 
D ic k e n s , 1842; T in d a l,  1842; M o rto n , 1844; Spooner, 1844 ). 
In  one e xa m p le , fa ta l i t ie s  w e re  reco rded  in  2 y e a r lin g  Down 
rams w ith  u re th ra l c a lc u l i .  In  one o f th e  reco rded  cases the  
a n im a l w as b e in g  prepared fo r  the  C a m b rid g e sh ire  A g r ic u ltu ra l 
Show and G u tte r id g e  (1840) com m ented on " th e  d ire fu l e ffe c ts  
o f the  fo rc in g  s y s te m ."  A ce n tu ry  la te r ,  in  S co tla n d , N a irn  
(1939) observed  o b s tru c tio n  due to  c a lc u l i  in  young rams b e in g  
in te n s iv e ly  fed fo r  show and sa le  purposes and s ta te d  th a t 
th is  v\?as a freq ue n t cause o f lo ss  to  b reeders  o f rams fo r  s tu d .
O u ts id e  th e  B r it is h  Is le s ,  a l l  m a jo r sh e e p -p ro d u c in g  
c o u n tr ie s  have re co g n ise d  u ro li th ia s is  -  A u s tra lia  (C unningham  
and C unn ingham , 1938; U nderw ood , 1941; B e ve rid g e , 1942; 
B e n n e tts , 1950; Dels c h e r, 1957; S u th e rla n d , 1958), New 
Z ea land  (E a s te r fie ld , R lgg , Askew  and B ruce , 3 930 ), South
A fr ic a  (S teyn and R e inach , 1939; B e lo n je , 1965a) and the 
U n ite d  S tates (P o n tiu s , C a rr and D o y le , 1930; Beesom , Pence 
and H o lm , 1943; E lam , Ham and S chne ide r, 1957; M a rs h , 
19 65 ).
In  A u s tra lia n  sheep the  in c id e n c e  o f u ro l i th ia s is  is  o fte n  
h ig h , and th e  d ise a se  is  o f econom ic im p ortan ce  (G a rd in e r, 
N a irn  and M e y e r , 1966; M c In to s h , 1966) * Losses may reach 
2% in  some areas (G a rd in e r, 1965). In  th e  U n ite d  S tates 
o n ly  e ig h t o f fo r ty - f iv e  "p ro m in e n t sh e ep m e n ," re p ly in g  to  a 
c ir c u la r  on the  in c id e n c e  o f o v in e  u ro l i th ia s is  s ta te d  th a t th e y  
d id  no t know  o f its  occu rrence  (P ontius e t a H , 1930). L a te r 
w r ite rs  a ls o  reco rded  o v ine  u ro li th ia s is  as one o f the  m ost 
tro u b le so m e  d ise a se s  in  th e  W este rn  S ta tes (H a w k in s , 1965) 
and th e  in c id e n c e  o f o b s tru c tiv e  u ro li th ia s is  may reach  10% in  
some f lo c k s  (Johnson, Palm er and N e ls o n , 19 40 ). A s tu d y  o f 
3 yea rs* reco rds in d ic a te d  an in c id e n c e  o f 7% in  In ta c t m ales 
in  Kansas (Oehme and T illm a n , 1965).
The econom ic lo ss  due to  ov ine  u ro li th ia s is  has o n ly  been 
e s tim a te d  in  th e  U n ite d  States o f A m erica w here  i t  is  abou t
5 6 7 ,0 0 0  d o lla rs  per annum or 0.2%  o f th e  v a lu e  o f th e  a n n u a l 
sheep p ro d u c tio n  (F^A.Oo Y earbook, 1962 ).
In v e s tig a to rs  in  s e v e ra l European c o u n tr ie s , apart' from 
B r ita in ,  have a ls o  recorded the  c o n d it io n  among she ep , fo r  
e xa m p le , F rance (M o u s s u , 1923; G odard , 1948; G o tte re a u , 
F ro g e t, M a g a t, J a illa rd o n  and M o n a rd , 1966 ), G erm any 
(O pperm ann, 1950; B o llw a h n , 1961),and E aste rn  Europe 
(P e tr ic h e v , 1964; E g o sh in , R ysku lo v  and V id o m s k ii,  1967), 
b u t no in c id e n c e  fig u re s  have been p u b lis h e d .
2 . PREDISPOSING FACTORS
M a n y  fa c to rs  have been a lle g e d ly  im p lic a te d  in  u ro li th ia s is  
o f a n im a ls  and o f m an. Such fa c to rs  in c lu d e  h y p o v lta m in o s is  
A , u r in a ry  s ta s is  and in fe c t io n ,  u r in a ry  pH , u rin a ry  c o l lo id  
b a la n c e , m in e ra l b a la n ce  (c a lc iu m , p h osp ho rus , c a lc iu m  : 
phosphorus ra t io ,  m agnesium , p o ta ss iu m ), ho rm ona l 
d is tu rb a n c e s , c l im a t ic  fa c to rs ,  and m is c e lla n e o u s  fa c to rs  such  
as e a r ly  c a s tra t io n ,  s p e c if ic  feeds and the  p e lle t in g  o f 
com pounded fo o d s tu ffs  .
The e a r ly  l ite ra tu re  on fa c to rs  p re d is p o s in g  to  u ro li th ia s is  
in  sheep has been re v ie w e d  b y  Pontius e t a r t  (1930 ), Newsom
(1938) and B everidge  (1942 ).
D(a) V ita m in  A
O sbom e and M e n d e i (1917) and la te r  H ig g in s  (1951) noted 
th a t p h o sp h a tic  c a lc u l i  deve loped  in  ra ts  on a v ita m in  A 
d e f ic ie n t  d ie t ,  w h ile  b la d d e r c a lc u l i  d isa p p e a re d  w hen v ita m in  
A (F u jim a k i,  1927) o r cod l iv e r  o i l  (H ig g in s , 1935) w as a g a in  
in c lu d e d  in  the  fe e d . A v ita m in o s is  A w as a ls o  co n s id e re d  
th e  cause  o f th e  d ise a se  b y  o thers w ith o u t s p e c if ic  ev id e n ce  
b e in g  produced (Van Leers um , 1928; M cG  a rr is  on , 1931;
M i lk s ,  1935; O ppenhe im er and P o llo c k , 1937; F lo c k s , 1944),
N ew som  (1938) doubted w h e th e r a v ita m in o s is  A p la ye d  a 
pa rt in  rum in a n t u ro l i th ia s is ,  and a s im ila r  v ie w  has been 
re p e a te d ly  exp ressed  (Johnson e^ , 1940; Bees cm e t a l , , 
1943; B la c k , E l l is ,  Jones and K e a tin g , 1947; E ve re th , B o lin , 
G o ld b y  and Ford , 1948; L in d le y , T a yso n , Ham and S ch n e id e r, 
1953; S w ing le  and M a rs h , 1953, 1956; E lam , Ham and D y e r, 
1959; S h ir le y , E a s le y , Ammerman, K irk ,  Palm er and G un ha , 
1964) o Y e t in  la te r  w o rk  (N ew som , T ob iska  and Os la n d , 1943} 
Newsom  con tended  th a t a low  v ita m in  A In ta ke  or its  poor 
u t i l is a t io n  le d  to  u ro li th ia s is  in  she ep . U ro lith ia s is  w as 
produced in  c a s tra te d  m ale goats fed  a v ita m in  A free  m ix tu re  
(S chm id t, 1941) though co n tro ls  w ere  no t used and th e  m in e ra l
a n a ly s is  o f the  d ie t w as no t s ta te d . A u s tra lia n  lam bs w h ic h  
w ere  g ive n  a low  v ita m in  A feed made s a t is fa c to ry  g ro w th  fo r  
one y e a r, a f te r  w h ic h  ano rex ia  and m u scu la r in c o o rd in a tio n  
deve lop e d  w ith  sudden death soon a fte rw a rd s . Post mortem 
e xa m in a tio n  re ve a le d  l i t t le  or no a b n o rm a lity  in  any  system  
(P e irce , 1945 ).
W id e sp re a d  k é ra t in is a t io n  o f re n a l e p ith e liu m  de ve loped  
in  m ale goats on an a lm o s t c a ro te n e -fre e  d ie t ,  w ith  
degenera ted  c e lls  c o n ta in in g  c a lc if ie d  g ranu les  in  th e  re n a l 
tu b u le s  (D u tt,  M a ja m d a r and K ehar, 1959 ). C ry s ta l l in e  
m a te r ia l w as observed  around desquam ated human re n a l 
e p ith e l ia l c e l ls  (R a nd a ll, 1937). K é ra t in is a t io n  deve lop ed  
in  ra ts  a f te r  10 w eeks  on a v ita m in  A d e f ic ie n t  d ie t (H ig g in s ,
1951 ).
I t  is  v\/e ll re co g n ise d  th a t v ita m in  A is  d ire c t ly  concerned 
w ith  h e a lth y  e p ith e liu m  and i t  has been sugges ted  th a t 
a v ita m in o s is  A leads  to  an apparen t h y p e rp la s ia , m e ta p la s ia  
and f in a l ly  a tro p h y  o f th e  re n a l p e lv is  and u re th ra l mucosa 
and th e  re le a se  o f m ucosa l fragm ents w h ic h  may a c t as n u c le i 
fo r  c a lc u lu s  fo rm a tio n  (S te in e r, Zuger and K ram er, 1939).
b ,
(b) U r in a ry  S tas is
In  m an, u r in a ry  s ta s is  has been c la im e d  as a s ig n if ic a n t  
and p re d is p o s in g  fa c to r  in  u ro li th ia s is  in  b e d rid d e n  p a t ie n ts ,  
o r in  r e la t iv e ly  im m o b ile  p a tie n ts  w ho are c h ro n ic a lly  lame' 
(L a tim e r, 19 48 ). F ish  ^  oU. (1948) rep o rted  th a t 1 0 -1 8 %  o f 
b e d rid d e n  p a tie n ts  deve loped  u rin a ry  c a lc u l i .  H o w e ve r, 
im m o b ility  due to  o rth op aed ic  c o n d itio n s  may a ls o  in v o lv e  a 
d is tu rb e d  c a lc iu m  m etabo lism  (Barr, B u lge r and D ix o n , 1929; 
W hedon and Shore, 1957). L ith ia s is  a ls o  appears fre q u e n tly  
in  p a tie n ts  w ith  fra c tu re s  o f lim b s  (H euberge r, 19G2).
R e s tr ic te d  e x e rc is e  has been suggested  as a p re d is p o s in g  
fa c to r  fo r  u r in a ry  s ta s is  in  sheep (N a irn , 1939), w h ile  Jubb 
and Kennedy (1963) re fe r to  u r in a ry  s ta s is  in  a s s o c ia t io n  wdth 
a sce n d in g  in fe c t io n  from th e  u re th ra .
N o e x p e rim e n ta l w o rk  has been repo rted  on the  re la t io n s h ip  
o f u r in a ry  s ta s is  to  u ro li th ia s is  in  do m e stic  anim .als .
(c) U r in a ry  In fe c t io n
B a c te r ia l in fe c t io n  o f the  u r in a ry  tra c t  is  c la im e d  as a 
p re d is p o s in g  cause  o f l i th ia s is  (F lo c k s , 1944), the  ro le  b e in g  
tw o fo ld : f i r s t ly ,  the  b a c te r ia  p resen t in  u rin e  may the m se lve s
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fo rm  th e  n u c le i o f c a lc u l i  to g e th e r w ith  v a r io u s  c e l lu la r  
in fla m m a to ry  p roducts  (M ilk s ,  1935; L a u g h lin , 1944) o r, 
se c o n d ly  u r in a ry  pH may be a lte re d  th ro ug h  th e  p resence  o f 
u re a -s p li t t in g  organ ism s (C o u n s e llo r and P r ie s t le y ,  1955; 
K e yse r, 1935; H ager and M a g a th , 1928; F lo c k s , 1944; 
R a n d a ll, 19 5 1 ). H o w e ve r, R anda ll (1951) w arned  th a t u r in a iy  
in fe c t io n  m ig h t i t s e l f  be secondary  to  c a lc u lu s  fo rm a tio n , 
p o in tin g  out th e  la rge  num ber o f s te r ile  case s  o f s to n e s*
Recent w o rk  show ed th a t a group o f germ -fre e  ra ts  had a 
h ig h e r in c id e n c e  (35 /7  0) o f b la d d e r s to n e s , p r in c ip a l ly  ca lc iu m  
o x a la te  and c it r a te ,  tha n  n o n -g e rm -fre e  ra ts  (0 /2  07) o f the  
same s tra in  (G u s ta fsso n  and N orm an, 19 62 ).
In fe c t io n  is  c lo s e ly  re la te d  to  re n a l dam age* On th e  o the r 
hand , in fe c t io n  may lead  to  the  p ro d u c tio n  o f re n a l dam age. 
P y e lo n e p h r itis  in  man is  reported  to  be a c o m p lic a tio n  o f abou t 
40% o f s tone  cases (B iggs, N o rfle e t and G a rve y , 1955 ). About 
48% o f repea t s to n e -fo rm e rs  have in fe c t io n  o r h yd ro n e p h ro s is  
as an a s s o c ia te d  d is o rd e r. Proteus b a c te r ia  in tro d u ce d  in to  
th e  b la d d e r o f ra ts  as a re trog rade  In fe c t io n  produced severe 
re n a l pa renchym a l damage and an 85% in c id e n c e  o f ren a l 
u ro lith s  (m agnesium  ammonium phosphate) in  3 m onths (C o tra n ,
1964) o B acte rium  c o l i  on th e  o th e r hand , e ith e r  produced a
s h o r t - l iv e d  in fe c t io n  o f the re n a l p e lv is  (C o tra n , 1964), or 
even in h ib ite d  c a lc u lu s  g row th  on a fo re ig n  body  im p la n te d  In 
the  b la d d e r ( M il le r ,  C hapm an, S e ib u tis  and V e rm eu len , 1956).
(d) U r in a ry  pH
■The u rin a ry  re a c tio n  has long  been co n s id e re d  one o f the  
more Im portan t fa c to rs  in  u ro l i th ia s is .  In  man (K ing , 1967) 
i t  is  p o s s ib le  to  p re d ic t fa ir ly  a c c u ra te ly  the  typ e  o f c a lc u lu s  
from  the u r in a ry  re a c tio n , fo r  exam ple :
pH C a lc u lu s
U nder 5 .0  U r ic  a c id
5 .0  ”  6 .5  O xa la te
O ver 7 . 0 Phosphate
These va lu e s  co rrespond w e l l  w ith  the know n s o lu b i l i t ie s  o f
the  re la t iv e  s a lts  (P rie n , 1955; E l l io t t ,  Todd and L e w is , 1961).
S tru v ite  (o r t r ip le  phosphate) is reported  as the  o n ly  s o lid
.phase in  u rin e  above pH 8 (E ll io t t ,  Q u a id e , Sharp and L e w is ,
1958) and s tru v ite  s o lu b i l i ty  is  de term ined a lm o s t e n t ire ly  b y
p H , the  c o n c e n tra tio n  o f M g-t+ , N H . and in o rg a n ic  PO , and
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the  io n ic  s tre n g th  ( E l l io t t ,  Sharp and L e w is , 1959 ). C l in ic a l ly ,  
u r in a ry  a c id i f ic a t io n  is a lle g e d  to  be e ffe c t iv e  in  the  
p re ve n tio n  o f s tru v ite  stones (F le is c h , 1965).
1 JL
R um inant u rine  is  s ta te d  n o rm a lly  to  be a lk a l in e  in  re a c tio n  
(B e ve rid g e , 1942; D u ke s , 1955). A c id if ic a t io n  sh o u ld  
th e o re t ic a l ly  p re ven t phospha te  c a lc u lu s  fo rm a tio n  (B eve ridge , 
1942 ).
A lk a lin e  u rin e  has been c la im e d  to  be more co n d u c ive  than 
a c id ic  u rin e  to  c a lc u l i  fo rm a tio n  (N ew som , 193 8; C rook sh a n k , 
K e a tin g , B u rn e tt, Jones and D a v is ,  1960) b u t U d a ll and C h e n - 
Chow (1963) found p h o sp h a tic  c a lc u l i  in  lam bs e x c re tin g  u rine  
'o f e ith e r  a c id ic  o r a lk a l in e  p H . M a rk e d ly  a lk a lin e  ra tio n s  
c o n ta in in g  K^C O ^ produced more c a lc u l i  in  sheep than  le ss  
a lk a l in e  ra tio n s  (E lan , S chne ider and H am , 1956), bu t no 
d iffe re n c e s  w ere  found w hen a h ig h ly  s ig n if ic a n t  d iffe re n c e  in  
u r in a ry  pH was ensured by d ie ta ry  su p p le m e n ta tio n  w ith  
ph o sp h o ric  a c id  (H^PO ^) or po tass ium  b ic a rb o n a te  (K ^C O ^). 
The u r in a ry  pH o f fe e d lo t s tee rs  fo rm in g  phospha te  s tones is  
a lk a lin e  b u t no d if fe re n t from  those  not fo rm in g  stones (F rank, 
M e in e rs h a g e n , B aron , S c rivn e r and K e ith ,  1961 ).
C hanges o f u r in a ry  pH occu r under d if fe re n t c o n d it io n s .  
R eduction  o f feed in ta k e , w h e th e r fo llo w in g  c l im a t ic  s tress  
o r in  d ise a se  such  as k e to s is  tends to  lead  to  p ro d u c tio n  of 
a more a c id ic  u rin e  (C o rn e liu s  and K aneko , 1963 ). U rin a ry
J,
pH lik e w is e  fa l ls  in  o lig u r ia  in  man (Best and T a y lo r , 1955; 
N u tbou rne  and De W a rd e n e r, 1960; Frank e^ a l . ,  1961 ).
W h ile  man com m only experiences an a lk a l in e  p o s t-p ra n d ia l 
u r in e , tu rb id  w ith  phosp ha tes , e m p h a s is in g  th a t c ry s ta llu r ia  
is  not n e c e s s a r ily  a s s o c ia te d  w ith  s tone  fo rm a tio n  (K ing , 
1967), the  o p p o s ite  re a c tio n  occurs fo llo w in g  the  fe e d in g  o f 
penned sheep , w here  S tacy and Brook (1964) reco rded  a f a l l  
from  pH 7 - 8  to  pH 5 - 6 ,  a t w h ic h  m agnesium  ammonium 
phospha te  w i l l  be s o lu b le  (P rie n , 1955) .
(e ) U r in a ry  C o llo id s  and M a tr ix
U rin e  is  a com p lex and supe rsa tu red  s o lu t io n  in  w h ic h  the  
s o lu b i l i t y  is  m a in ta in e d  b y  c o llo id s  (L ic h tw itz ,  1944 ; quo ted  
by  B u tt and H a u se r, 1952). W h ile  one s c h o o l o f tho ugh t s t i l l  
b e lie v e s  th a t c ry s ta ll in e  p re c ip ita t io n  is  the  p rim a ry  process 
(Verm eulen and c o -w o rk e rs , 1950, 1958, 1965, 1967), the  
h yp o th e s is  o f the a c t iv e  ro le  o f m a trix  in  stone fo rm a tio n  goes 
back m ille n ia  to  H ip p o c ra te s  and G a le n .
The c o n c e n tra tio n  of u r in a ry  c o llo id s  can be a r t i f ic ia l ly  
in c re a se d  b y  the  in je c t io n  o f h ya lu ro n id a se  and its  compounds 
(Butt and H a u se r, 1952). H ya lu ro n id a se  p reven ts  the
fo rm a tio n  or recu rrence  o f u rin a ry  c a lc u l i  in  m an, perhaps by  
a c tin g  as a po ten t d is p e rs in g  or p e p tiz in g  agen t (B u tt, 1956; 
B u tt, H ause r and S e ifte r , 1952; B u tt, S e ifte r and H a u se r,
1952 ).
P un triano  (1954) conc luded  th a t h ya lu ro n id a se  w o u ld  a c t 
s im ila r ly  in  c a t t le  and sheep, and suggested  in je c t io n s  or 
im p la n ta tio n s  in  an im a ls  l ia b le  to  deve lop  u ro l i th ia s is  . 
W e the rs  g ive n  a c a lc u lu s -p re d is p o s in g  feed and im p la n te d  
w ith  h ya lu ro n id a se  showed n e ith e r c o l lo id - c r y s ta l lo id  
Im b a la n ce , no r e v ide nce  o f u r in a ry  c a lc u l i ,  w hen com pared 
w ith  n o n -im p la n te d  co n tro ls  (P un trian o , 1955), bu t la te r  w o rk  
b y  C rook shank et_ ad , (1960) u s in g  in je c tio n s  o f h ya lu ro n id a se  
w as u n c o n v in c in g . H ya lu ro n id a se  may be b e n e f ic ia l w hen 
com bined w ith  su rge ry  in  cases o f u r in a ry  o b s tru c tio n  in  rams 
(B o llw a h n , 1961 ).
An o rg an ic  m a tr ix  e s s e n t ia lly  s im ila r  fo r  a l l  types  of 
c a lc u l i  (King and B oyce , 1957) was found in  a la rge  se rie s  o f 
re n a l c a lc u l i  (Boyce, P oo l, M es chan and K in g , 1958). The 
m o le c u la r o r ie n ta tio n  and ag g rega tion  in v o lv e s  a carbohydra te - 
p ro te in  c o n ju g a te , u rom uco id , produced b y  t ra n s it io n a l 
e p ith e liu m  (Boyce, G arvey and N o r f le e t ,  1957). The
m echan ism  o f o r ie n ta tio n  o f p a rt ic le s  is  unknow n but. is  
u lt im a te ly  a s s o c ia te d  w ith  the  b in d in g  o f Ca , P O ^ '"  and 
, C H ' Io n s , w h ic h  is  c la im e d  as the  in i t ia l  phase in  a l l  
c a lc u lu s  fo rm a tio n , c ry s ta l d e p o s itio n  b e in g  a secondary  
phenomenon (Boyce e t 1958 ).
X -ra y  d if f ra c t io n  s tu d ie s  o f c a lc u lu s  m a te r ia l from  sheep
fed co n ce n tra te s  revea led  p r in c ip a lly  m agnesium  ammonium
phospha te  (M gN H^PO  «6PI O or s tru v lte )  w ith  am orphous
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m a te ria l su g g e s tive  o f c a rb o h y d ra te -p ro te in  co n ju g a te s  
(C o rn e liu s , M o u lto n  and M cG ow a n , 1959 ). M ic ro c a lc u l i  
w ere  v is ib le  a t the  tim,e o f onset o f p a r t ia l or com p le te  
o b s tru c tio n  fo llo w in g  fe e d in g  of a h igh  phosphorus m ix tu re  
(C o rn e liu s  e t_ a l. ,  1959 ). P ro te ins w ere  repo rted  to  be 
s im ila r  to  th o se  found in  man (Boyce c i a j_ ., 1955), and the 
la rg e s t q u a n tita t iv e  com ponents w ere  the  s m a lle r m o le cu la r 
p ro te in s , o ^ -g lo b u lin s  and a lbu m in  (C o rn e liu s , B ish o p , 
Berger and Pangborn, 1961). The o l- g lo b u l in  fra c t io n  is  
know n to  c o n ta in  con juga te d  p ro te in s  s im ila r  to  those  o f the 
n e u tra l g ly c o p ro te in  m a trix  o f ov ine  c a lc u lu s  m a te r ia l 
(C o rn e liu s  and B ish o p , 1961).
In  s tee rs  the u rin a ry  m ucopro te in  c o n c e n tra tio n  was found
I  o
to  be in v e rs e ly  p ro p o rtio n a l to  the  le v e l o f m in e ra ls  o r ash  in  
the  ra t io n .  The m uco po lysa ccha ride  fra c t io n  o f the  m u co - 
p ro te in s  was d ire c t ly  re la te d  to  the co n ce n tra te  le v e l,  and i t  
w as h yp o th e s ise d  th a t th is  c o rre la tio n  m igh t be a re s u lt  o f 
an  in c re a se d  bo dy  tu rn o ve r induced b y  a fa s te r  g row th  ra te  
(U d a ll,  Deem and M a a g , 1958).
Pro longed o ve rfee d in g  o f c a tt le  w ith  p ro te in  led  to  no 
re n a l le s io n  e xce p t fo r  hypertrophy (S c h ill in g ,  1962 ).
D e s p ite  the  suggested  re la t io n s h ip  betv^/een m ucopro te in  
c o n c e n tra tio n  and fe e d s tu ffs , i t  is  s t i l l  u n c e rta in  w here  
m ucopro te ins  o r ig in a te , bu t recen t ev id e nce  (P acke tt and 
C o bu rn , 1965; B oyce , 1966) suggests th a t i t  is  in  the 
u r ln ife ro u s  tu b u le s , ra th e r than  serum or the  t ra n s it io n a l 
e p ith e liu m  o f the  b la d d e r.
W h ile  th is  o rg an ic  m a tr ix  is In v a r ia b ly  found in  u rin a ry  
c a lc u l i ,  i t  has long been and s t i l l  is  co n s id e re d  by  some 
(V erneu len , Lyon and F rie d , 1965) th a t the  m a tr ix  may have 
a secondary  ro le  and be more an a d v e n tit io u s  in c lu s io n ,  and 
th a t s tone  fo rm a tio n  is e s s e n t ia lly  a com p le x  c ry s ta ll in e  
p ro c e s s . The favoured  u rin a ry  su p e rsa tu ra tio n  th e o ry  has 
re c e n tly  been exam ined and supported wdth re fe re nce  to  the
X  u
p h y s ic o -c h e m ic a l re la t io n  be tw een the  ions o f c a lc iu m  and 
in o rg a n ic  phosphate  (M cG re go r, N o rd in  and R obe rtson , 1965) 
and th is  a sp e c t leads to  an e xa m in a tio n  o f m in e ra l b a la n ce  
In re la t io n  to  u ro l i th ia s is .
(f) M In e ra l B a lance
(i) C a lc iu m  . In  man h y p e rc a lc iu r ia  has been g e n e ra lly  
acce p te d  as a m a jo r fa c to r in  re n a l stone fo rm a tio n  (Burl:,
1956; H o d g k in so n  and Pyrah, 1958) and , depend ing  on the  
c r ite r ia  ad op ted , 16 -66%  o f a l l  s to n e -fo rm e rs  are h y p e r-  
ca le i u r ic ,  us ing  24 -  hour e x c re tio n  fig u re s  (G o tte t, .1961; 
C o tte t,  V it tu  and G a ra re ll i,  1962). On the  o th e r h a n d , o n ly  
a b ou t 24% o f id io p a th ic  h y p e rc a Ic iu r ic s  are re cu rre n t s to n e -  
form ers . Both an Increased  in te s t in a l a b so rp tio n  o f ca lc iu m  
(Ja w o rsk i, B row n, Fedoruk and S e itz , 1963) and an extra  re n a l, 
perhaps ho rm ona l, induced re d u c tio n  o f tu b u la r  re a b so rp tio n  
(Edwards and H o d g k in so n , 1965) have been c la im e d  to  be 
re s p o n s ib le , and im p ortan t ev idence  su g g e s tin g  th a t persons 
w ith  id io p a th ic  h y p e rc a Ic lu r la  absorb a g re a te r p ro p o rtio n  o f 
d ie ta ry  c a lc iu m  than norm al has been pu t fo rw a rd  b y  P eacock, 
H o d g k in son  and N o rd in  (1967) «
H y p e rp a ra th y ro id is m , one o f the fe a tu re s  o f w h ic h  is 
h y p e rc a lc e m ia , is  know n to  produce re n a l c a lc u l i  in  man 
(A lb r ig h t, 1936; R a nd a ll, 1937; A lb r ig h t and R e ife n s te in , 
1948 ), bu t 2 0% o f one se ries  o f pa tie n ts  w i t h  h yp e rp a ra ­
th y ro id is m  d id  no t produce c a lc u l i  (H e lls trb m , 1955).
C a lc i f ic  fo c i are common in  th e  norm al human re n a l 
parenchym a (L ic h te n s te rn , 1926; Anderson and M c D o n a ld , 
1946; Pyrah, 1958), p resum ab ly  the re s u lt  o f p h a g o c y tic  
In g e s tio n  o f reabsorbed ca lc iu m  (Boyce, 1967), and th is  
p rocess in te rfe re s  w ith  the in t r in s ic  a c t iv i t y  o f the  c e l l  
(Z w e ifa c h , 1959). T h is  c o n d it io n  has no t re c e iv e d  a tte n tio n  
as a p o s s ib le  fa c to r  in  do m estic  a n im a ls .
Both H ager and M cg a th  (192 8) and Evere th  and M i l le r
(1939) c la im e d  th a t a h igh  ca lc iu m  in ta ke  w as re s p o n s ib le  
fo r  o v ine  u ro l i th ia s is ,  the la tte r  a ls o  in c r im in a t in g  a h igh  
m agnesium  in ta k e .
( i i )  Phosphorus. I t  has been suggested  th a t th e  am ounts 
o f ca lc iu m  and phosphorus excre ted  in  u r in e , to g e th e r w ith  
the  u rin a ry  pH , are the m ost im portant group o f fa c to rs  
in v o lv e d  in  the fo rm a tio n  o f u rin a ry  concrem ents (B u tt, 1966 ). 
The fa c t th a t the  a c id ic  ra d ic a l o f o v ine  c a lc u l i  in  B r ita in  is
in o rg a n ic  phosphate  (Lo nsda le , 1965) makes the  e xp e rim e n ta l 
w o rk  in v o lv in g  th e  e lem ent in  rum inan ts  o f s p e c ia l in te re s t .
C e rta in  param eters d if fe r  in  lambs w h ic h  form  c a lc u l i  on 
a g ra in  sorghum fe e d , com pared w ith  n o n -c a lc u lu s - fo rm in g  
lam bs on the  same m ix tu re ; phosphorus and m agnesium  le v e ls  
w ere  h ig h  in  bo th  u rine  and b loo d  o f bo th  g ro u p s , b u t 
phosphorus w as s ig n if ic a n t ly  h ig h e r in  the  c a lc u lu s  group 
(P acke tt and H a u s c h ild , 1964).
V e te rin a ry  a sp e c ts  o f the s ig n if ic a n c e  o f phosphorus are 
d is c u s s e d  under "E xp e rim e n ta l P ro d u c tio n " (p . 3 3 ).
( i i i )  C a lc iu m  ; Phosphorus R a tio . A b so rp tio n  o f ca lc iu m  
and phosphorus in  sheep appears to  be independen t o f the 
Ca : P ra t io  (Lueker and L o fg re n , 1961), and is d ire c t ly  re la te d  
to  the  q u a n tity  s u p p lie d , and , in  th e  case o f phosp ho rus , the  
form  of s u p p ly .  W h ile  a h igh  Ca : P ra t io  reduces the 
in c id e n c e  o f u ro li th ia s is  (R obb ins, K u nke l and C rooks h a n k ,
1965 ), the  same w o rke rs  found c a lc u l i  w ere  s t i l l  produced on 
fe e d in g  a calcium , and phosphorus supp lem ent as bone m e a l,
A s ig n if ic a n t  d iffe re n c e  was seen in  one h igh  phosphorus 
e xp e rim e n t, w hen a group g ive n  0,31%  Ca de ve lop ed  more 
c a lc u l i  than a group g ive n  0 ,5  8% Ca (Bushm an, E m erlck and
E m bry, 1965a). Thus the  Ca : P ra t io  may be a c r i t ic a l  fa c to r 
(C oburn and P a cke tt, 1962; Bushman e ^ a j^ , 1965a, 1965b; 
K in g , 1967).
(iv ) M agnes ium  . In  la b o ra to ry  a n im a ls  the  fo rm a tio n  o f 
m agnesium  ammonium phosphate c a lc u l i  in  ra ts  w as reduced 
b y  lo w e rin g  the  u r in a ry  m agnesium  or u r in a ry  phosphorus 
c o n c e n tra tio n  (Verm eulen e1^  , 1950). A m a g n e s iu m -
d e f ic ie n t  d ie t has le d  to  re n a l c a lc if ic a t io n  in  ra ts  (W 'atchorn 
and M c C a n c e , 1937), bu t the  process can be fo re s ta lle d  by 
p r io r  p a ra th y ro id e c to m y  (Heaton and A nde rson , 1965), Large 
q u a n tit ie s  o f m agnesium  carbonate  g ive n  to  ra ts  induced  
s im ila r  c a lc u l i ,  and deve lopm ent was p reven ted  b y  a d d it io n a l 
c a lc iu m  carbona te  (W a tcho rn , 1952).
A h ig h e r serum m agnesium  has som etim es been reported  
in  sheep d y in g  from  u ro lith ia s is  (K unke l, W h ita k e r ,  P acke tt 
and C rook sh a n k , 1961) and was though t to  be a s s o c ia te d  w ith  
a h ig h  m agnesium  in ta k e  (Evereth and M i l le r ,  1939 ). Lambs 
on a h igh  (1,5% ) m agnesium  in ta ke  had a th re e fo ld  in c re a se  
in  b lo o d  m agnesium  b u t deve loped no c a lc u l i  (Johnson et a d , 
1940), though o th e r a n im a ls  from the  same farm deve loped  
c a lc u l i  on a h igh  m agnesium , low  phosporus in ta k e  and had
no rm a l b lood  m agnesium  v a lu e s . In  tw o  fu r th e r experim en ts  
a h igh  m agnesium  in ta ke  (as m agnesium  carbona te ) fa ile d  to  
produce a s ig n if ic a n t  inc rea se  o f u ro li th ia s is  com pared w ith  
c o n tro ls  (Beeson e t 1943; L in d le y  et^ a H , 1953).
The repo rted  inc rea sed  u rin a ry  M g  e x c re tio n  may be 
a s s o c ia te d  w ith  a reduced tu b u la r  re a b s o rp tio n , w h ic h  has 
been found in  re n a l d is e a s e , w h ic h  in  tu rn  has fo llo w e d  
a d m in is tra t io n  of sod ium , c a lc iu m  and am m onium  s a lts  (Rook 
and S to rry , 1962).
A re c ip ro c a l re la t io n s h ip  has been c la im e d  be tw ee n  the 
u rin a ry  e x c re tio n  o f m agnesium  and phosphorus in  w e th e r 
la m b s , in  w h ic h  an 80% c a lc u lu s  in c id e n c e  on a d a ily  m ix tu re  
s u p p ly in g  6g C a , 5g P and 4 .4 g  M g w as a s s o c ia te d  w ith  a 
lo w e r u r in a ry  magnesium  and h igh e r u r in a ry  phosphorus than  
m in e ra l m ix tu re s  p roduc ing  a s ig n if ic a n t ly  lo w e r in c id e n c e  o f 
c a lc u l i  (Robbins et^ a L  , 1965 ). R e ce n tly , i t  has been 
suggested  th a t th is  re la t io n s h ip  may have been m ed ia ted  by 
m agnesium  in te r fe r in g  w ith  phosphorus a b s o rp tio n , ra th e r than 
b y  any  e ffe c t a t the  k id n e y  le v e l (P lje rpe , 1968).
(v) Potass tu rn . A r t i f ic ia l  supp lem ent o f fo o d s tu ffs  has 
been p ra c tis e d  w ith  2 .5% d ip o ta ss iu m  hydrogen phosphate  to
in d u ce  u ro li th ia s is  (Tayson, L in d le y , S chne ide r and Ham , 
1951; L in d le y  ^  aH  , 1953; C o rn e liu s  e t a l . , 1959 ), in  
m ix tu re s  w ith  a ra t io  o f 1 pa rt roughage : 4 pa rts  co n ce n tra te  
In  an o the r expe rim en t the  h ig h e s t in c id e n c e  re s u lte d  from 
bo th  po tass iu m  and phosphate  su p p le m e n ta tio n  ra th e r than  
e ith e r  ra d ic a l a lone  (Elam e t a H ,  1956 ).
A d d it io n  o f 1% po tass ium  c h lo r id e , h o w e ve r, to  a know n 
c a lc u lu s -p ro v o k in g  m ix tu re  reduced the  in c id e n c e  from  30% 
to  10% com pared w ith  re d u c tio n  to  25% w ith  a d d it io n a l 
sod ium  c h lo r id e  (H . R. C rook sha nk , 1963 ; un pu b lish e d  
o b se rva tio n  quoted b y  Robbins e l^aH  , 1965).
(g) H o rm ona l F acto rs
(i) O es troq en s . Im p la n ta tio n  o f d ie th y ls t i lb o e s tro l has 
been used to  a t ta in  an inc reased  w e ig h t g a in  and feed 
e f f ic ie n c y  in  sheep , in c lu d in g  B la ck fa ce  w e th e r lam bs 
(Arm strong and C am eron, 1959; 1961; P res ton , G reenha lgh  
and M c L e o d , 1959 ). U n fo r tu n a te ly , under some c o n d it io n s , 
sheep im p la n te d  w ith  or fed s t i lb o e s tro l may have a h ig h e r 
In c id e n ce  o f u ro li th ia s is  (Jordan, 1959; B e ll,  Sm ith and 
E rh a rt, 1954; V \/'ilk in son , O 'M a ry , W ils o n ,  B ray , Pope and
22 .
C a s id a , 1955; M a rs h , 1961). Losses am ounted to  20% In 
one e xp e rim e n ta l fe e d in g  t r ia l  us ing  a 30 m g. s t i lb o e s tro l 
im p la n t (U d a ll and Jensen, 1958). Hov\?ever, exp e rim en ts  
in v o lv in g  d if fe re n t ca lc iu m  and phosphorus In take s  to g e th e r 
w ith  2 le v e ls  o f s t i lb o e s tro l dosage (a s in g le  30 m g. im p la n t 
o r 2 m g. per os d a ily )  showed no s ig n if ic a n t  d iffe re n c e s  in  
u ro li th ia s is  in c id e n c e  (Em erlck and Em bry, 1964).
U r in a ry  c a lc u l i  have a ls o  been a s s o c ia te d  w ith  the  g ra z in g  
o f sheep on o e s tro g e n ic  subterranean, c lo v e r  (G a rd ine r e t a l . ,
1966 ).
A d m in is tra tio n  o f s t i lb o e s tro l re s u lts  in  an in c re a se d  s iz e  
o f second ary  sex o rgans, e s p e c ia lly  th e  b u ib o -u re th ra l g lands 
and s e m in a l v e s ic le s ,d u e  to  in te r s t i t ia l  c e l l  h yp e rp la s ia  and 
some e p ith e lia l m e ta p la s ia  (H e rrick  and Vat ne , 1961; M a rs h , 
1961 ). S loughed e p ith e lia l m a te ria l appears to  be in c re a se d  
(H e rric k  and V a tne , 1961) and may cause  b lo cka g e  (M a rsh ,
1961) w h ile  the  s tru c tu ra l changes are l ik e ly  to  reduce the  
p e lv ic  u re th ra l d ia m e te r.
( i i)  C a s tra t io n . The tim e  o f c a s tra tio n  w as found to  have 
an e ffe c t on u re th ra l d iam e te r o f c a lv e s , w h e re in  the  e a r ly  
c a s tra te d  a n im a l has a narrow er urethra than  th e  la te r
• c a s tra te d  c a lf  (M arsh  and 8 a ffo rd , 1957 ). T h is  fa c to r  was 
th o u g h t to  e x p la in  the  lo w e r in c id e n ce  o f th e  d ise a se  in  b u lls  
and la te  ca s tra te d  s te e rs . No s ig n if ic a n t  d iffe re n c e  w as 
found  in  the  u re th ra l d iam eters o f s tee rs  w ith  o r w ith o u t 
b la d d e r c a lc u l i ,  w h ile  the  k id n e ys  w ere  no t exam ined. (Frank 
e t , 19 61 ). No com parable in fo rm a tio n  is  a v a ila b le  fo r 
s h e e p .
The te rm in a l p o rtio n  o f the  urethra (p ro c e s s us ure thrae o r 
ve rm ifo rm  appendage) is  a f in e  w o rm - lik e  s tru c tu re , abou t 3 
to  4 cm . long  (S isso n , 1938), The ve rm ifo rm  appendage a t 
b ir th  is adhe ren t to  the  p re pu ce . D e ta chm en t from  the  
prepuce is dependent on a c t iv i ty  o f the  m ale sex  ho rm ones. 
D e tachm ent w as com p le te  in  w e l l  grow n M e r in o  ram lam bs a t 
abou t 5 m on ths , b u t was d e la yed  under c o n d itio n s  o f poor 
n u tr it io n  (Johnstone, 1948). Be Ion je  (1965b) suggested  th a t 
th e  a rre s te d  deve lopm ent o f a norm al unadhesed appendage, 
o c c u rr in g  in  a d u lt  w e thers  as opposed to  ra m s , w as 
s ig n if ic a n t  in  a rre s tin g  the  passage o f u r in a ry  c a lc u l i .
( i i i )  Para th y ro id . The p a ra th y ro id  g la n d  has been 
I d is c u s s e d  b r ie f ly  under ca lc iu m  (p . 1 6 ).
(h) C lim a t ic  Facto rs
In  some co u n tr ie s  such as South A fr ic a  (S teyn and R e inach , 
1939), the  U n ite d  S tates (N ew som , 1938) and A u s tra lia  
(B en ne tts , 1950), o v in e  u ro li th ia s is  occurs  m ost fre q u e n tly  in  
a r id  and s e m i-a r id  areas w ith  a ho t d ry  c lim a te , ju s t  as the 
human d ise a se  is  commoner in  s im ila r  t ro p ic a l o r s u b tro p ic a l 
areas such as In d ia  (M c C a rr ls o n , 1931), T h a ila n d  (Passm ore, 
1953; H a ls te a d , 1961) and th e  M id d le  East (G u e rse l, 1936 ).
In  more tem pera te  c lim a te s , cases are fre q u e n tly  reported  
to  fo llo w  sudden fa l ls  in  tem pera tu re  or seve re  snow storm s in  
w in te r  (N ew som , 1938; U d a ll,  1959a) or a s s o c ia te d  w ith  a 
know n  sudden re s tr ic t io n  o f w a te r (M o rto n , 1844; N ew som , 
1938) or food in ta k e . The in c re a se d  u r in a ry  c o n c e n tra tio n  in  
h o t c lim a te s  o r fo llo w in g  w a te r  re s tr ic t io n  is  tho ug h t l ik e ly  to  
in c re a se  th e  r is k  of c o n c re tio n  fo rm a tio n  a n d , w hen u rine  flo v ; 
re tu rns  to  no rm a l, th e  m ovement o f c a lc u l i  from  k id n e y s  o r 
b la d d e r to  cause o b s tru c tio n  (U d a ll ^  , 1958).
U r in a ry  pH decreases in  man when the  u r in a ry  ou tpu t fa l ls  
(Best and T a y lo r , 1955; N u tbourne and De W a rd e n e r, 1960; 
Frank e1^  , 1963), and the  same is  true  o f penned sheep
(S tacy and B rook, 1964 ). S w ing le  and M a rs h  (1956), how ever,
fou nd  th a t c a lv e s  V\7i th  a lim ite d  w a te r in ta k e  e xc re te d  less  
u rine  o f a s l ig h t ly  h ig h e r p H . U nder tem pera te  c o n d itio n s  
(S co tla n d ), c e r ta in  B la ck fa ce  rams have a s ig n if ic a n t ly  
d if fe re n t u r in a ry  vo lum e from  o the r s im ila r  rams (Evans, 1957; 
B la x te r ,  Graham and W a in  m an, 1959 : quoted b y  S ch m id t-  
N ie ls e n , 19 64 ), a s s o c ia te d  w ith  an in h e r ite d  d iffe re n c e  in  
th e  po tass iu m  c o m p o s itio n  o f red c e l ls .
The re n a l response  o f sheep to  sodium  c h lo r id e  (Potter, 
1961 , 1963) in  th e  p re ve n tio n  o f u ro li th ia s is  (Elam et a l . , 
1956) m e rits  d is c u s s io n  s in c e  i t  was th o u g h t f i r s t  to  be 
a s s o c ia te d  p u re ly  w ith  a d iu re t ic  a c t io n , in c re a s in g  th e  f lu id  
in ta k e  and c a u s in g  s im p le  u rin a ry  d i lu t io n  (U d a ll,  1 959b ).
I t  w as la te r  co n s id e re d  to  in v o lv e  a s p e c if ic  io n -b in d in g  
e ffe c t o f th e  c h lo r id e  ions w h ic h  may be a d isp la ce m e n t o f 
m agnesium  and phosphorus from  cen tres  o f n u c lé a tio n  o f the  
m a tr ix  (U d a ll,  Seger and C h e n -C h o w , 1965 ). A s ig n if ic a n t  
re d u c tio n  o f u ro li th ia s is  occurred  in  lam bs re c e iv in g  4% or 
•7% sod ium  c h lo r id e  in  p e lle te d  ra tio n s  com pared w ith  1% 
sod ium  c h lo r id e  (U d a ll and C h e n -C h o w , 1963 ). N o 
d e le te r io u s  e ffe c t V\/as seen in  sheep fo llo w in g  p ro longed  
a d m in is tra t io n  of sodium  chb rid e  in  w a te r a t le v e ls  up to  1 .3%
u(P o tte r, 1963) or in  feed up to  10% (U d a ll,  1959b).
(i) M is c e lla n e o u s  F o o d s tu ffs
Num erous s p e c if ic  fo o d s tu ffs  have been c la im e d  to  produce 
u ro li th ia s is  in  sheep , bu t e xp e rim e n ta l w o rk  is  la c k in g  in  m ost 
c a s e s . Some exam ples are l is te d  be lo w  :
a) R oo ts , e ,g ,  tu rn ip s  (W ill ia m s , 1884), m angolds (Y oua tt, 
1893; M ic h a e l,  1910; L in to n , 1927; N ew som , 1943; 
P ontius  e t a ju ,  1930), sugar bee t (M ic h a e l,  1910) or 
suga r b e e t pu lp  (G ough, 1942; L in d le y  , 1953;
T a yso n , 1961), b e e t m o lasses (E vvard , C u lb e rts o n  and 
W a lla c e ,  1923).
b) Leaves o f ro o ts , e .g .  m angolds and sugar b e e t (H a rris  
and A le xa n d e r, 1953; G arne r, 1961) w h ic h  c o n ta in  h igh  
q u a n tit ie s  o f o xa la te s  .
c) C lo v e r (Read, 1840; Pope, 1963).
d) G ra in , e .g .  co tton se e d  cake or m eal (N ew som , 1938; 
H a rr is  and A le xa n d e r, 1953), m ilo  (B lack e t a H ., 1947; 
Jones, K e a tin g , E ll is  and Crook sha n k , 1962; H e lm y and 
Fouad , 1964), w hea t and g ra in  (Nev\?som, 1938; H e lm y 
and Fouad, 1964).
P e lle tin g  o f a m ixed fo o d s tu ff ,  w h ic h  w as know n  to  be 
c a lc u lo g e n ic  to  la m b s , re su lte d  in  an in c re a se d  b u t 
in e x p lic a b le  in c id e n c e  o f u ro li th ia s is  (C ro o ksh a n k , 1962; 
C rook s h a n k , P a cke tt and K u n k e l, 1965 ). C a lc u lo g e n ic ity  
w as in v e rs e ly  re la te d  to  p e lle t  s ize  (C ro o ksh a n k , 1962).
3 . C OMPOSITION OF OVINE URINE
(a) Norma 1
Some re ce n t fig u re s  re la t in g  to  the  c o m p o s itio n  o f ov ine  
u rine  are sum m arised in  Tab le  1 .
The average d a ily  u rin a ry  vo lum e v a r ie s  w ith  the  age and 
s iz e  o f th e  s u b je c t, the  e n v iro n m e n ta l tem pera tu re  and 
h u m id ity , as w e l l  as the  typ e  o f food (K e tz , 1960).
The mean d a ily  u r in a ry  vo lum e is  s ta te d  to  range from  
0 .5  to  2 li t re s  w ith  an average va lu e  o f 1 l i t r e  (D u ke s , 1955; 
S ch eu ne rt-T rau tm a nn , 1965). Values o b ta in e d  in  fe e d in g  
expe rim en ts  (Table 1) in d ic a te  a s t i l l  w id e r  range in  w h ic h  
va lu e s  be tw ee n  0 .2  0 and 4 .4 8  l i t re s  w ere  repo rted  (Robbins 
M  â L - / 1965; U d a ll,  1962; S tacey and B rook , 1964;
Newsom  ^  a r t , , 1943). In  co n tra s t to  o th e r a n im a ls , the  
p ro p o rtio n  o f w a te r e lim in a te d  b y  the  k id n e y s  (a p p ro x im a te ly
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one th ird )  is  low  (Anaud and P a rke r, 1966 ).
As an exam ple  o f the  e ffe c t o f tem pera tu re  and the  
a v a i la b i l i t y  o f w a te r , A u s tra lia n  sheep in  w in te r  e xc re te d  
1 .34  + 0 .6 5  l i t re s  d a ily ,  com pared w ith  0 .7 3  + 0 .3 9  l i t r e s  
in  th e  ho t summer (S c h m id t-N ie ls e n , 1964); w h ile  M a cF a rla n e , 
M o rr is  and H ow ard (1956), quoted b y  the  same a u th o r, found 
th a t on d e p r iv a tio n  o f w a te r, the  u rin a ry  vo lum e dropped from 
1 .68 l i t r e s  to  0 .1 3  l i t re s  on day 5 .
T ha t v a r ia t io n s  in  feed cause d iffe re n c e s  in  u rin a ry  vo lum e 
is  show n in  T ab le  1, in  e a r ly  w ork b y  P ontius  e t a l . (193 0).
The ta b le  shows th a t l i t t le  c a lc iu m , m agnesium  or 
phospha te  is  e xc re te d  in  no rm a l ov ine  u r in e . F igu res  from  
th e  c o n tro l groups o f o the r fe e d in g  exp e rim en ts  con firm  the se  
fig u re s  (C rooks hank e;^ aH  , 1965; K o lb , 19 62 ).
As in  m an, u r in a ry  m agnesium  e x c re tio n  v a r ie s  more tha n  
c a lc iu m  or phosphorus (S cheunert-T rau tm ann , 19 65 ). U r in a ry  
M g  e x c re tio n  has been c la im e d  to  o ccu r ove r the  th re s h o ld  o f 
abou t 2 mg% in  b lo o d  p la sm a .
A l im ite d  am ount o f w o rk  supports  the  te x tb o o k  s ta tem en t 
th a t o v in e  u rin e  (as he rb ivo rous  u rine ) is  n o rm a lly  a lk a lin e  
in  re a c tio n  (D u k e s , 1955; M a re k  and M o c s y , 1958;
J U
C o rn e liu s  and K aneko, 1963; C o le s , 1967 ). P on tius  e j ia L  
(1930) repo rted  a mean pH va lu e  o f 9 .0  (range 9 .0  - 9 . 2 )  on 
a lfa lfa  h a y , a range of 7 .5  - 8 . 5  on rape pas tu re  and 7 .6  on 
b lu e  grass p a s tu re . Johnson et_ a r t  (1940) found  the  pH v a rie d  
from  7 .4  to  8 .7  w ith  a mean o f 8 .1 .  M o re  re c e n t ly ,  K in n e , 
M a cF a rla n e  and B u tz -O ls e n  (1961) have repo rted  fig u re s  o f
8 .2  - 8 . 6  on lu c e rn e , and S tacy and Brook (1964) a mean of 
7 .6  (range 6 .9 7  - 8  .40) on e xp e rim e n ta l fe e d in g  o f lu ce rn e  and 
c h a f f .
Some w o rke rs  have found a c id ic  u rine  in  no rm a l she ep . 
W itz ig m a n n  (1940) and C h ris to p h  (1965) s ta te d  the  range to  be
5 .3  - 8 . 7 ,  m.ean 5 .9 ,  in  th e ir  se rie s  . About 40% o f 158 
sam ples te s te d  b y  H a b is re it in g e r  (1961) w ere  am p h o te ric  or 
a c id ic .
S tacy and Brook (1964) found the  pH dropped a f te r  fe e d in g  
to  5 .1  - 6 . 6 5 .  O the r c o n d itio n s  in  w h ic h  a c id ic  u rine  m ay be 
found in c lu d e  p ro longed hu nger, s m a ll in te s t in a l ca ta rrh  or 
fe b r i le  c o n d itio n s  (M arek and M o c s y , 1958; C o rn e liu s  and 
K aneko , 1963).
As fo r  o th e r c o n s t itu e n ts ,  p ro te in  is  no t n o rm a lly  p resen t 
in  u rine  (H a b is re it in g e r , 1961) bu t may o ccu r fo llo w in g  va riou s
Ô  i  il
d is e a s e s  and is  t ra n s ie n t ly  seen fo llo w in g  v io le n t  e x e rc is e . 
Some cases o f p o s it iv e  p ro te in u ria  are p o s s ib ly  a t tr ib u ta b le  
to  p ro te in  o r ig in a t in g  from  s ite s  o the r tha n  k id n e y s ,  fo r  
exam ple  the  b la d d e r, or the  u te rus or vag in a  in  fe m a le s . 
N e v e rth e le s s , le v e ls  o f p ro te in  as h ig h  as 1 .5g% have been 
reco rded  in  sheep w h ic h  have been h e a lth y  (S te w a rt, 1929 ).
N o rm a l o v in e  u rine  co n ta in s  no g lu co se  (H e a ly , B u lla rd  
and S pears, 1928; Kachrnann, 1937; B ake r, Reid and Ov»/en, 
1928; C o rn e liu s  and K aneko, 1963). L ik e w is e  ke to ne s  are 
a b se n t (H e a ly  et a l . ,  1928; S tew art, 1936) b u t in te n se  
k e to n u r ia  may deve lop  in  advanced p regnancy (O pperm ann, 
1950; C o rn e liu s  and Kaneko, 1963). H a e m o g lo b ln u ria  and 
haem aturia  are unusu a l in  norm al sheep , b u t may be 
o c c a s io n a lly  p re sen t on h ig h  con ce n tra te  fee d in g  (S tew a rt, 
1936; Leb lanc  and Sa v ig n e , 1899).
(b) C o m p o s itio n  o f O vine  U r ine  i n U ro lith ia s is
The fo llo w in g  changes in  c o m p o s itio n  o f u rine  from  sheep 
ith  u ro li th ia s is  have been repo rted  :
1 . In c re a se d  c o n c e n tra tio n  and d a ily  e x c re tio n  o f P
o
(C o rn e liu s  et a r t  , 1959; P acke tt and Ha us c h i ld ,
1964);
2 . In c re a se d  c o n c e n tra tio n  o f P, and decreased  
c o n c e n tra tio n  o f M g  (C rookshank and R o bb in s ,
1962);
3 , In c re a se d  e x c re tio n  o f P, reduced e x c re tio n  o f 
M g  (Robbins et a L  , 1965);
4 c In c re a se d  "s e d im e n ta tio n "  o f P and M g  (Jea n -B la in
ê t â i f f  1968);
5* D e crea sed  c o n c e n tra tio n  o f K (C rookshank e t a l . ,
1965);
6 c In c re a se d  a lk a l in i t y  (H oar, Em erick and Em bry,
1968);
7 c P resence o f "m ic ro c a lc u li"  (C o rn e liu s  e t_ a H , 1959)
4 c EXPERIMENTAL PRODUCTION OF OVINE UROLITHIASIS 
W a te r D e p r iv a tio n
G le n n , H a m ilto n  and T u cke r (1956) in c lu d e d  a low  w a te r 
in ta k e  as com pared w ith  ^  . w a te r in  a m u lt i - fa c to r ia l
e xp e rim e n t, and c la im e d  an in c rea sed  in c id e n c e  o f c l in ic a l  
o b s tru c tio n  on a l im ite d  w a te r in ta k e . C o n v e rs e ly , a d d it io n  
o f N a C l in  the  feed to  le v e ls  o f 4 -10%  o f th e  co n ce n tra te  
in ta k e , has reduced the  in c id m  ce o f u ro lith s  and o f c l in ic a l  
d ise a se  ( E la m ^ a J L ,  1957; UdalJ, 1 9 5 9 a ).
.1 Feeding
P rod uctio n  o f the  d ise a se  has g e n e ra lly  been b y  the  
fe e d in g  o f a lle g e d ly  "c a lc u lo g e n ic "  m ix tu re s .
R ations based  on a h igh  ra t io  (4 : 1 or more) o f co n ce n tra te  
to  roughage have provoked u ro li th ia s is  e x p e r im e n ta lly  (U d a ll 
e t a le , 1958). M ix tu re s  c o n ta in in g  ove r 50% o f corn  or m ilo  
(U d a ll,  1959b; P acke tt and Pla us c h i ld ,  1964) w e re  c la im e d  to  
be c a lc u lo g e n ic .  O the r fo o d s tu ffs  used in  p ro du c in g  
c a lc u lo g e n ic  m ix tu re s  in c lu d e d  o th e r h igh  g ra in  m ix tu re s  o f 
w h e a t, o a ts , lin s e e d  m e a l, bee t pu lp  and un cu t s traw  
prepared as a p e lle te d  fe e d , to  w h ic h  2 . 4 -  2 .5% K^HPO ^ had
been added (Elam ^  a L , , 1959), In  m ost In s ta n ce s  the  
c a lc u lo g e n ic ity  w as a ttr ib u te d  p r im a r ily  to  th e  h ig h  K and P 
co n te n ts  o f the se  m ix tu re s  .
O th e r w o rk , in v o lv in g  h ig h  P in ta ke s  w ith o u t h ig h  K, has 
a ls o  led  to  a h ig h  in c id e n c e  o f u ro lith s  (Em erick and Em bry, 
1962, 1963; Bushman et_ a j_ ., 1965a; C rook s h a n k , 1967 ).
Low P in ta k e s , w hen com bined w ith  h ig h  Ca In  a h igh  
co n ce n tra te  fe e d s tu ff  w ere  a ls o  found to  be c a lc u lo g e n ic  in  
s tee rs  (U d a ll et_ a j^ ,, 1958 ), W hen d iffe re n t phospha te  salts 
w ere  com pared as m in e ra l sup p lem e n ts , no c a lc u l i  form ed w ith  
c a lc iu m  ph osp ha te , w h ile  th e  in c id e n ce  o f a ffe c te d  sheep w as 
60 - 7  0% fo r  d isod iu m  ph osp ha te , m onosodium  phospha te  or 
sod ium  tr ip o ly p h o s p h a te . Inc re ase  o f the  c a lc iu m  in ta k e  in  
th e  la s t-n a m e d  group to  0.58%  reduced b u t d id  not p reven t 
u r in a ry  c a lc u l i  (Bushman e t a j^ ., 1965a). A fa ilu re  o f m ix tu re s , 
found e lse w h e re  to  be c a lc u lo g e n ic , has been b r ie f ly  repo rted  
(Reynolds and L in d a h l, 1968 ), In  th is  in s ta n c e , m ix tu re s  
used as "c a lc u lo g e n ic "  by  G rook shank (p e rso n a l c o m m u n ica tio n ,
1966) and b y  Bushman et ad^,(1965a) d id  no t re s u lt  in  c a lc u lu s  
p ro d u c tio n  in  o th e r sheep , Newsom (1938) fed  e x c e s s iv e  
c a lc iu m  carbonate  w ith  cane fodde r to  produce u ro li th ia s is
in  sh e e p . Both Evere th and M i l le r  (1939) and H aag and 
M i l le r  (192 8) c la im e d  h igh  c a lc iu m  In ta ke s  w ere  re s p o n s ib le  
fo r  u ro li th ia s is  in  sheep , the  f irs t-n a m e d  w o rke rs  a ls o  
in c r im in a t in g  a h ig h  m agnesium  in ta k e .
L in d le y  e t a H  (1957) co n c lu d e d , in  a co m p a ra tive  fe e d in g  
t r ia l  in v o lv in g  d if fe re n t m in e ra l su p p le m e n ts , th a t n e ith e r 
ca lc iu m  carbona te  nor m agnesium  ca rbona te  w e re  c a u s a tiv e  
fa c to rs  in  o v in e  u ro l i th ia s is .
O the r m ethods used in  a ttem p ts  to  rep roduce  d ise a se  
have been s t i lb o e s tro l im p la n ta tio n  (U d a ll and Jensen, 1958), 
w h ic h  le d  to  u r in a ry  b lo cka g e  in  a s ig n if ic a n t  m in o r ity  o f 
c a s tra te d  m ales com pared w ith  un im p la n te d  c o n tro ls ,  and the  
p e lle t in g  o f co n ce n tra te  m ix tu re  (C rookshank ^ t  a j^ ., 1965) 
com pared w ith  m eal m ix tu re s  ,
N o s u rg ic a l m e thods, such as u re te ra l l ig a t io n  or b la d d e r 
im p la n ts ,have been used In  sheep .
J  b  .•
5 . RENAL PATHOLOGY IN  OVINE UROLITHMSIS
A tte n tio n  has been pa id  to  the  ch a ra c te r o f c a lc u l i  
reco ve re d  from  o v in e  k id n e y s , and to  the  h is to c h e m is try  o f 
no rm a l and d ise a se d  k id n e y s .  The su g g e s tio n  th a t p rim ary  
re n a l in ju ry  and in fla m m a tio n , w ith  th e  p ro d u c tio n  o f o rg a n ic  
d e b r is , is  the  o r ig in  o f th e  n idus  on w h ic h  i t  is  c la im e d  the  
c a lc u lu s  m a te r ia l fo rm s , has led  to  s tu d y  o f re n a l u l t r a -  
s tru c tu re . A tte n tio n  has been draw n a w a y  from  the  g ro sse r 
re n a l changes w h ic h  are found in  u ro li th ia s is  , C o m pa ra tive  
data is  la c k in g  in  m an, s in c e  recen t te x tb o o k s  ofLen do no t 
m en tion  th e  re n a l p a th o lo g y  o f u ro l i th ia s is ,  e xce p t to  
d e s c r ib e  c a lc u l i  (S trauss and W e lt ,  1963; H e p t in s ta l l ,  1956),
In fla m m a tio n  may ex tend  up from an a cu te  haem orrhag lc  
u re th r it is ,  fo llo w in g  u re th ra l o b s tru c tio n , to  in v o lv e  b la d d e r 
and k id n e y s  (Jubb and K ennedy, 1963 ). The c y s t i t is  is  
h a e m o rrh a g lc , a cu te  or ch ro n ic  (D a v is , S c o tt, C rook shank 
and S p ju t, 1969 ). H yd ron ephros is  is  no t a p rom inen t 
fe a tu re  w ith  u re thra  1 c a lc u l i ,  s in ce  u re th ra l o r b la d d e r 
rup tu re  soon te rm in a te s  the c o n d it io n .  W hen  hyd ron ep h ro s is  
does d e ve lo p , i t  fo llo w s  a course  in  the  sheep s im ila r  to
th a t in  o th e r s p e c ie s . I f  in fla m m a to ry  changes are the  
o r ig in a l cause o f th e  o b s tru c tio n , then  p y e lo n e p h r it is  is  
sup e rim p o se d . (Jubb and Kennedy p re fe r to  rese rve  th e  
term  p y e lo n e p h r it is  to  denote an a sce n d in g  urogenous 
in fe c t io n  from  the  lo w e r u rin a ry  t r a c t ) . F o ca l p y e lo n e p h r it is  
may no t be accom pan ied  b y  ev ide nce  o f b a c te r ia  in  re n a l 
t is s u e  (D a v is  e t , 1969), and may re p re se n t c h e m ic a l or 
m e ch a n ica l i r r i ta t io n .
In v o lv e m e n t o f the  p e lv is  and m edu lla  is  a lw a y s  g re a te r 
tha n  o f the  c o r te x . Jubb and Kennedy re fe r to  s u p p u ra tive  
n e p h r it is  o f haem atogenous o r ig in  as e m b o lic  s u p p u ra tive  
n e p h r it is  b u t do not re fe r fu r th e r to  she ep .
P a th o lo g ic a l d e ta ils  o f re n a l changes in  n a tu ra l cases o f 
u ro li th ia s is  are  l im ite d .  Schm idt (1941) d e sc rib e d  
en la rgem ent and m o ttlin g  o f the  k id n e y s , w ith  much t is s u e  
d e s tru c t io n . One a u to p sy  rep o rt o f a sheep w h ic h  d ied  
fo llo w in g  b la d d e r rup tu re  recorded somev\7hat en la rged  k id n e y s , 
la rge  haem orrhages beneath  the  p e lv ic  e p ith e liu m , 
p e te c h ia t io n  o f the  co rte x  and m edu lla  and parenchym atous 
de ge ne ra tio n  (Pontius et  ^ , 1930). In  th is  c a s e , as in  
o thers (fo r exam ple  C o rn e liu s  et aD  , 1959), no c a lc u l i  w e re
o  o
found  in  the  k id n e ys  though many w ere  lo ca te d  in  the  
b la d d e r and u re th ra .
L in d le y  et a U  (1953) produced p h o sp h a tic  u ro li th ia s is  
e x p e r im e n ta lly  and found the  k id n e ys  w ere u s u a lly  g re a tly  
d ila te d  w ith  many g rey  areas in  the c o r te x , e x te n d in g  in  
s trea ks  to  the  p e lv is  . No h is to lo g y  was pe rfo rm ed ,
h  re ce n t a cco u n t o f re n a l p a th o lo g y  in  o v in e  u ro li th ia s is  
in  R ussia has been g ive n  b y  E gosh in ^ a d ^ ,  (1967) w ho found 
h yd ron e p h ro s is  and , in  the  u n co m p lica te d  form  o f the 
d is e a s e , an in te r s t i t ia l  n e p h r it is ,  the  in te n s ity  o f w h ic h  
v a r ie d  w h e th e r o r no t sand or stones w ere p re sen t in  the 
re n a l tu b u le s . There was p ro life ra t io n  o f co n n e c tiv e  t is s u e  
w h ic h  re p la ce d  the  g lo m e ru li and tu b u la r c a s ts ,  fo c i o f 
lym p h o id  c e lls  and tu b u la r  d is te n s io n . Bow m an's membrane 
w as in c re a se d  In th ic k n e s s  up to  10 t im e s , w ith  co rre sp o n d in g  
a tro p h y  o f the  g lo m e ru li,  and c o r t ic a l v a s c u la r  d i la ta t io n .  
C o m p lica te d  cases showed s im ila r  le s io n s  b u t in  a d d it io n  
n e c ro tic  a re a s , som etim es la rg e , w ith  g ra m -p o s it iv e  and 
g ra m -n e g a tiv e  c o c c i a t th e ir  p e r ip h e ry . The n e c ro tic  fo c i 
g e n e ra lly  had a fib ro u s  c a p s u le .
0 .-7 ,
The re n a l p e lv is  co n ta in e d  b lo o d  c lo ts ,  p ro te in  aggregates 
in c lu d in g  h y a lin e , c e l l  c a s ts , m in e ra l s a lts  and c o c c i,  and 
th e  p e lv ic  e p ith e liu m  showed a c a ta rrh a l in fla m m a to ry  re a c tio n , 
The le s io n s  o f hyd ronephros is  and in te r s t i t ia l  n e p h r it is  
re s u lt in g  from  u ro lith ia s is  w ere  tho u g h t b y  th e  R uss ian  w o rke rs  
to  be pa rt o f a g e n e ra lise d  m e ta b o lic  d is e a s e .
A m erican  w o rke rs  have c la im e d  the  e a r lie s t  dem onstrab le  
le s io n  is  the  p re c ip ita t io n  o f "c a lc u la ry "  m a te ria ls  in  the  
m e d u lla . T h is  m a te ria l w as bo th  in tra tu b u la r  and in te r s t i t ia l  
and w as a com p le x  o f ca lc iu m -m a g n e s iu m  phosphate  s a lts  
(D a v is  e t^ a K , 1969).
H is to c h e m ic a l s tu d y  o f th e  k id n e ys  in  p h o sp h a tic  
u ro li th ia s is  ( " c a lc u lo s is " )  (C o rn e liu s , 1963) has shown PAS- 
p o s it iv e  m a te ria l in  the cy to p la sm  o f p ro x im a l and d is ta l 
c o n vo lu te d  tu b u le s  o f c e rta in  nephrons, a ls o  in  the  b rush  
borders o f the  p ro x im a l co n vo lu te d  tu b u le s , c o lle c t in g  tu b u le  
c e lls  and t ra n s it io n a l e p ith e liu m  o f the  p e lv is  and b la d d e r. 
In c re a se d  P A S -p o s itive  m a te ria l was a ls o  de te c te d  in  re n a l 
c a s ts ,  b u t the  o r ig in  of th is  m a te ria l in  sheep is  no t c le a r  
(C o rn e liu s , 1963 ),
6 . C O M PO SITIO N  OF OVINE URINARY C A LC U LI
C a lc u li  o f sheep have been found to  v a ry  in  c o m p o s itio n  
under d if fe re n t typ e s  o f fe e d in g  and in  d if fe re n t c o u n tr ie s  . 
M o s t reporl'.s g iv e  a p h o sp h a te -typ e  c a lc u lu s  w hen a 
c o n ce n tra te d  fe e d s tu ff  has been fed {Johnson e t , 1940; 
C o rn e liu s  e1^  a N , 1959; C o rn e liu s , 1963; Robbins e t a l . ,
1965; B e lo n je , 1965; J e a n -B la ir  e t , 1968 ).
One q u a n t ita t iv e  a n a ly s is  o f rum inan t fe e d lo t c a lc u l i  
w a s : phospha te  75%, m agnesium  20%, c a lc iu m  3%, rem a inde r 
2% (S h ir le y  e1^  ad_., 1964). X - ra y  d if f ra c t io n  s tu d ie s  o f the 
phospha te  form  has re ve a le d  p r in c ip a l ly  m agnesium  ammonium 
phospha te  (M g .N H  .PO . .6 H ^O ), w ith  some am orphous 
m a te r ia l (C o rn e liu s  et^ aJU , 1959 ).
S il ic a te  c a lc u l i  are the  dom inan t form  w here  a h ig h  s i l ic a  
hay or g rass is  consum ed (Beesom et , 1943; B e n n e tts , 
1950; G a rd in e r, 1965).
O the r form s o f c a lc u l i  reco rded  from  sheep are as fo llo w s  : 
ca rbona te  (F Iobday, 1922; S u th e rla nd , 1958; C o tte re a u  et a L  ,
1966; G a rd in e r, 1965; G a rd in e r et a K , 1966), pu rin e  
(N o rd s to g a , 1962), and xa n th in e  (E a s te rfle ld  e t ajU , 1930; 
1931; G rhnbe rg , 1964b).
T h is  th e s is  a ttem p ts  to  In v e s tig a te  the  d is tr ib u t io n  and 
in c id e n c e  o f the  d ise a se  in  B r ita in ,  to  produce the  d ise a se  
e x p e r im e n ta lly  by  d ie ta ry  mean s , and reco rds  the  gross and 
m ic ro s c o p ic  p a th o lo g y  o f a ffe c te d  she ep . The norm al 
co m p o s itio n  o f o v in e  u rine  is  in v e s tig a te d  as a p re lim in a ry  
s tep  tow ards  u rine  a n a ly s is  in  u ro l i th ia s is .
P A R T  I I
E X P E R I M E N T A L  S E C T I O N
1 . MATERIALS AN D M E TH O D S 
A . DISTRIBUTION AND IN C ID EN C E OF OVINE UROLITHIASIS
In fo rm a tio n  w as ob ta in e d  from 5 sources :
1 o A b a tto ir  data
2 , C l in ic a l  records
3 c Insu ra n ce  Com panies
4c V e te rin a ry  p ra c tic e s  in  E ng land , W a le s  and S co tland  
5c Pedigree sheep fa rm e rs .
The m ethod o f c o l le c t io n  o f data from  each o f th e se  sources 
is  g iv e n  b e lo w .
1 c Ab a t to ir  D ata
From e x is t in g  records o f 1961 and 1962, f ig u re s  w ere 
o b ta in e d  fo r th e  to ta l num ber o f sheep p a ss in g  th roug h  the  
G lasg ow  C o rp o ra tio n  a b a tto ir ,  and to ta l con dem na tion  fo r 
u ra e m ia . U raem ia was asse sse d  b y  meat in s p e c to rs  on odour 
o f th e  ca rcass  . C ondem nation  o f the  k id n e y s  a lon e  was not 
re c o rd e d .
2 o C l in ic a l  Records
Records fo r  sheep su b m itte d  from  S c o tt is h  farm s to  the
' i ' - i
G la sg o w  and Edinburgh U n iv e rs ity  V e te rin a ry  F a c u lt ie s  w ere 
a v a ila b le .  These a n im a ls  w ere  d iagnosed  as cases o f 
u ro li th ia s is  on c l in ic a l  a n d /o r  post mortem e x a m in a tio n . In  
th e  G lasg ow  se ries  the to ta l number o f sheep re c e iv e d  in  the 
Surgery D epartm en t w as a ls o  a v a ila b le .  D a ta  w as ob ta in e d  
from  th e  ow ner o f a l l  u ro li th ia s is  cases as to  th e  num ber o f 
a ffe c te d  a n im a ls , th e  to ta l number o f sheep a t r is k  and the  
ty p e  o f h u sb a n d ry .
3 . In su ran ce  C om panies
Three b ranches o f tw o  liv e s to c k  in su ra n ce  com pan ies made 
a v a ila b le  th e ir  reco rds of causes o f death in  Insu red  she ep .
A l l  sheep w ere m a le . The cause o f death  w as de te rm ined  by  
v e te r in a ry  e xa m in a tio n  in  a l l  c a s e s .
4 . V e te rin a ry  P ra c tice s  in  E ng land , W a le s and S co tland
The V e te rin a ry  C l in ic a l  O b se rva tio n  U n it  conducts  su rveys  
o f the  in c id e n c e  o f d isea ses  and e ffe c tiv e n e s s  o f tre a tm e n t 
u s in g  q u e s tio n n a ire s  w h ic h  are  sen t to  c o -o p e ra tin g  - 
v e te r in a ry  p ra c tic e s  . The u ro li th ia s is  su rve y  w as conduc ted  
in  52 v e te r in a ry  p ra c tic e s  w ith  sheep w^ork. The o n ly  
s e le c t io n  w as  the  d e lib e ra te  e x c lu s io n  of s m a ll a n im a l
p ra c t ic e s .  T h is  su rvey  v\?as conducted  in  1965 and w as 
de s ig ne d  to  re f le c t  the  ge ne ra l in c id e n ce  o f u ro l i th ia s is ,  
n o t th e  in c id e n c e  in  1965. P rac tice s  w e re  g iv e n  the  o p tio n  
o f d e s c r ib in g  the  in c id e n ce  as "c o m m o n ", "n o t ra re " ,  and 
" ra re " ,  and th e se  term s w e re  no t d e fin e d  more p re c is e ly .
In  1968 a fu r th e r su rve y  w as conducted  b y  the  U n it ,  In 
w h ic h  the  num ber of cases o f ov ine  u ro li th ia s is  w as repo rted  
fo r  th e  p re v io us  12 m on ths . The breeds w ere  d iv id e d  in to  
B la c k fa c e  and o th e r, and the  p ra c tice s  w ere  asked  to  g ive  
th e  ap p ro x im a te  num ber o f male sheep a t r is k  ,
5 . Ped ig ree  Sheep Farm ers
In  1962 a p i lo t  q u e s tio n n a ire  was se n t to  150 S c o ttis h  
farm ers w hose  names appeared in  the  a n n u a l Y ear Book (1961) 
o f the  Border L e ic e s te r  Sheepbreeders A s s o c ia t io n . Every 
second name in  the  S c o ttis h  reg ion  was s e le c te d .
A t the  same tim e  a s im ila r  p i lo t  q u e s tio n n a ire  was sen t 
to  eve ry  tw e n tie th  member o f the S co ttish  B la ck fa ce  Breeders 
A s s o c ia tio n  re s id e n t in  S co tland (F ig . 1 ).
The fa rm er w as aske d  to  s ta te  the  num ber o f ram iam bs 
b red  in  the  p re v io us  5 years and the  number o f cases o f
u r o l i th ia s is ,  g iv in g  the fa ta l i t ie s  s e p a ra te ly . He w as a ls o  
asked  to  g iv e  the number o f uncon firm ed c a s e s . F u rthe r 
in fo rm a tio n  was sought on tre a tm e n t, typ e  o f fe e d in g  and 
husband ry  and the c o n d itio n s  tho ug h t b y  the  ow ner to  
p re d ispo se  to  u ro lith ia s is  in  h is  la s t reco rded  c a s e .
In  1965 the  B la ck fa ce  su rve y  was repea ted  and 500 l i fe  
members o f the Breed A s s o c ia tio n  w ere c irc u la te d  and 
reques ted  to  g ive  data co ve rin g  the p re v io us  3 years ( i . e .  
1 9 6 2 -1 9 6 5 ). These names w ere  s e le c te d  from  the 1965 Year 
B ook, e x c lu d in g  members re s id e n t o u ts id e  S co tla n d , and 
each f i f t h  name w as ch o se n .
Au.'î'ust 1962.
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Dear '
You as a pedigree sheep breedri- ma ,7 now De r-; par.tng rom for the
autumn shows and sales, I ara investigating one of the; ilf;-;oases v.'hj,c;h may affect 
such lambs and would like your help.
Urolithiasis, or urinary calculi ("gcravel'g ''sand'', "stone in the bladder") 
actually affects both man and. animals. The most seriovs losses in footh.and are in 
ram lambs which si.iddenly cannot pass urine due to a blockage. Strain:.n,g follows 
which if uni’elieved causes eventual death from b'ladch'r rupture. M u 0:1 i;: stall 
unknown about the causes of ttie condition and an sn at tempt to learn more about it, 
this investigation has been started., .cJxperinnntai productj.on of the disease is 
necessary to learn how it nay best be prevented. Yu v'tner work on this line is 
being done in Britain at present and any help you can gave me would be muuh 
appreciated. The eventual results should be of direct benefit to you.
Would you now answer the questions below,, tear off and rer,urn in the 
enc._ooed envelope? Your reply will, of course, be treated as cc-nfiaential.
Your help may bo a means to the solution of this problec,. .Thanlc you!
Yours sincerely
A,Do WEAWR.
1, Approximate number of ram lambs (for stud) bred in last 5 years .... .
2. Known cases of urolithiasis (defined above)
in these 5 years ............. cases.
of which ................ ] ajnbs died.
lambs
5. Suspected (unconfirraed) cases
4 , The successful treatment in the
(a) surgery yes ......
(b) injection yes ......
(c) change of diet yes ...,.
las b knovm recovered case was 1
(d) none yes
no
no
no
5 . Ration fed to last affected lamb g -
Bulk was?
Concentrates were :
6. Husbandry of last affected lamb at time of disease
(a) housed exclusively
(b) partly at grass, partly housed.
(c) at grass exclusively.
7 . Indicate conditions you think important in production of this disease,
(a) lack of water , J...... yes/no
(b) lack of exercise ............ yes/no
(c) excessive concentrates (whiclh) ,. yes/no
(d) excessive roots ............ yes/no
(e) bad quality feed ............ yes/no
Bo COMPOSITION OF OVINE URINE
Experim ents  w ere  performed on urine from norm al sheep 
as fo l lo w s  :
1 . E s t im a tio ns  on s to red  urine ;
2 , N orm a l sheep at s la ug h te rh ou se ;
3 ,  N orm a l sheep a t pasture ;
4 . N o rm a l housed male sheep .
I . E s t im a t io n s  on Stored U r ine
These sam ples w ere  c o l le c te d  from s laug h te rh ou se  
an im a ls  or ewes a t  p a s tu re .  E igh ty  sam ples w ere  exam ined .
The methods o f p re se rva tion  of u r ine  to  de te rm ine  the  
e x te n t o f  p o s s ib le  changes in  pH were as fo l lo w s  :
The e f fe c t  o f p re se rva tion  a t room tem pera tu re  (2 0^0 ) was 
compared w i th  re f r ig e ra t io n  (7^0 ) o L ikew ise , p re se rva t io n  in  
a sc re w -to p p e d  u n iv e rs a l b o t t le  of a sam ple e x c lu d in g  a i r  was 
compared w i th  a sm a l le r  sample (11 ml) in  w h ic h  abou t h a lf  
the  vo lum e of the b o t t le  w as occup ied  by a i r ,  and a ls o  w i th  
a sam ple in  an open 50 m l.  b e a ke r.  Record ings were made 
a t 24, 48 , 96 and 168 ho u rs . A l l  sam ples w ere  c o l le c te d
under l iq u id  p a ra f f in  w h ic h  formed a th in  se a l on the  surface 
(a p p ro x im a te ly  1 m l ) .
2 , N orm a l Sheep a t S laughterhouse
Two groups o f 2 0 sheep w ere  se le c te d  a t random . Group 1 
com prised  9 12 -15  months o ld  B la ck fa ce  c ro s s -b re d  ca s tra te d  
lambs and 11 15 -36 months o ld  B la ck face  or H a l f -b re d  fem a le  
sheep . Ages w ere  es t im a ted  on d e n t i t io n .  G roup 2 com prised  
14 5 -6  months o ld S u ffo lk  c ro s s -b re d  w e th e r  lambs and 6 
2 years o ld  B la ck fa ce  ewes .
Both groups o f sheep w ere  from va r iou s  farms 5 0 -150 m iles  
from the  s laugh te rhouse  and had been a t  grass fo r  a t le a s t  3 
months p r io r  to  s la u g h te r .  Group 1 w as res ted  2 4 -48  hours 
b e fo re  s la u g h te r .  Group 2 fo r  3 -2 4  hours and g ive n  free access  
to  hay and w a te r .
Samples o f urine were taken  by d ire c t  b la d d e r  punctu re  
w i th  a s te r i le  20 m l.  g lass  sy r in ge  and 2 - in c h  16 B .W .G .  
need le  abou t 5 -1 0  m inutes fo l lo w in g  s tu n n in g ,  b le e d in g  out 
and d re ss in g  o f the  c a rc a s s .  Sheep w i th  less  than. 20 m l,  
b la d d e r  u r ine  were  re je c te d .  Samples were pu t in to  s te r i le  
u n iv e rs a l b o t t le s  under 2 m l.  l iq u id  p a ra f f in ,  tra n s fe rre d  to
vacuum  f la s k s  w i th  ice  in the base and exam ined in  the 
la b o ra to ry  w i th in  2 h o u rs ,  pH was measured a t 2 0^C us ing  
an E . I c L .  pH m ete r, model 23A. The measurements w ere  
made in d u p l ic a te  and the mean va lue  reco rde d ,
3 . . N orm a l Sheep a t Pasture
The f lo c k  c o n s is te d  of 32 H a lf -b re d  ewes (1961-1966) 
and 2 8 C h e v io t  ewes (1966 -1968 ), w e ig h t  45 -55  k g , ,  o f the 
V e te r in a ry  F ie ld  S ta t io n ,  g ra z in g  a se r ies  o f le y  p a s tu re s .
The f lo c k  was c o l le c te d  in  a pen and 2 0 ewes in  s u cce ss io n  
w ere  re s tra in e d  and ca th e te r ise d  fo r  sam ples o f b la d d e r  u r in e .  
The procedure was as fo l lo w s  : each ewe w as re s tra in e d  in  a 
s ta n d in g  p o s it io n  w i th  the le f t  f la n k  a g a in s t  a w a l l  by  one 
a s s is ta n t .  A second man l i f te d  the t a i l  and preven ted  la te ra l  
movement o f the  h indquarte rs  , The ope ra to r,  beh ind  the  ew e, 
separa ted  the  v u lv a l  l ip s  w i th  the  f i r s t  and second f in g e rs  of 
the  r ig h t  hand to  expose the  ven t r a l ly  lo ca te d  opening of the 
e x te rn a l u re th ra l o r i f i c e .  W ith  the  r ig h t  hand a s te r i le  
N ie ls e n  ca th e te r  was in troduced  by d ire c t  v is io n  in to  the 
b la d d e r .  U r in e  f lo w e d  spon taneous ly  from the  free end o f 
the  c a th e te r  and a m idstream  sample was c o l le c te d  under
l iq u id  p a ra f f in  and preserved as p re v io u s ly  d e s c r ib e d .  Any 
sam ples con tam ina ted  w i th  b loo d  or fa e c e s ,  or o f a vo lum e 
less  than 15 m l.  were  d is c a rd e d .  The f i r s t  5 ewes were 
re -sam p led  at the end of the  p e r io d .  R ecord ing o f pH w as 
made w i th in  2 hours . O ther e s t im a t io n s  w ere  com p le ted  in 
2 d a y s .
U r in e  ca lc iu m  and magnesium w ere  e s t im a ted  b y  a 
m o d if ic a t io n  o f Friedmann and Rubin (1955) and in o rg a n ic  
phospha te  b y  a m o d if ic a t io n  o f  F iske  and Subbarow 's method 
(1925). U r in e  p ro te in  was de term ined us ing  the method o f 
K ing  and H a s le w oo d  (1936). B i l i ru b in  and ace tone  w ere  
e s t im a te d  us ing  im pregnated reagent s t r ip s  (Ames C om pany, 
Slough) 0 U r in a ry  po tass ium  was e s t im a ted  b y  a photom eter 
( E .E .L . )  (V arley , 1964).
4 . N o rm a l Housed M a le  Sheep
Four male B la ck fa ce  tu p s ,  aged abou t 18 m on ths , w e ig h in g  
66 -75  k g . ,  were use d . The sheep w ere  h a l f - b ro th e rs ,  hav ing  
th e  same s i r e .  The sheep had been housed on the  farm fo r  8 
months and fed a hay and concen tra te  ra t io n  in  a se m i-o p e n  
y a rd .  Feeding c o n s is te d  of 7 00 g co n ce n tra te  cubes and 1500 g
m ixed  meadow hay and free access  to  w a te r .  A l l  food v\/as 
su p p l ie d  tw ic e  a day a t 7 ,3 0  a .m .  and 4 p . m .
The an im a ls  w ere  w e ig he d  and t ra n s fe rre d  to  m etabo lism  
cages in  a by re  as in  la te r  e xp e r im e n ts .  The pe riod  o f 
a c c l im a t is a t io n  was 14 d a y s .  U rine  and faeces w ere  
c o l le c te d  as e lsew he re  d e ta i le d  (p . 56 ) .  F ive  m i l l i l i t r e s  o f 
a sa tu ra ted  s o lu t io n  of th ym o l was p laced  in the  urine 
c o l le c t io n  ju gs  to  h in d e r  b a c te r ia l  d e c o m p o s it io n .
The w a te r  In take  and u r ine  ou tpu t w ere  m easured .
A l iq u o t  sam ples o f u r ine  (2 5 ml) were taken  d a i ly  fo r  a n a ly s is  
a f te r  tho rough m ix in g  o f the  d a i ly  u r ine  vo lu m e .
c .  EXPERIMENTAL PRODUCTION OF UROLITHIASIS 
1 „ E xp e r im e n ta l An im ais
E n tire  or cas tra te d  male B la ck fa ce  sheep w e re  used in  a l l  
experim en ts  . Ages ranged from 5 - 9  months . W e ig h ts  
va r ie d  from 18-34  k g .  (40-75 lb . )o  P rio r  to  pu rcha se , 
a n im a ls  had been reared on va r ious  S co tt ish  h i l l  farms and 
had been a t  grass a l l  th e ir  l i v e s ,  as fa r  as c o u ld  be 
a s c e r ta in e d ,  excep t in  one e xp e r im e n t.  A l l  an im a ls  w ere  
exam ined c l i n i c a l l y  fo r  gene ra l hea lth  a t pu rch a se , and a l l  
appeared no rm a l,
(a) P re l im in a ry  Proph y la x is  : A l l  an im a ls  w ere  g ive n  
p ro p h y la c t ic  v a c c in a t io n  a g a in s t  c lo s t r id ia l  ( type D) in fe c t io n  
( "P u lp y  K id n e y " )  on a d m is s io n ,  and aga in  2 -3  w eeks  la te r .  
Sheep w e re  g iven  in je c t io n s  o f a compound v i ta m in  A and D 
p repa ra t ion  ( "V e t r iv i te "  -  C rookes Labora to r ies ) a t m on th ly  
in te rv a ls  . The q u a n t i ty  in je c te d  was e s t im a ted  to  su p p ly  
the  t o ta l  requ irem ents  o f these  v ita m in s  (1 .5  ml su p p l ie d  
250, 000 i . u .  v i ta m in  A and 5 0 ,00 0  i . u .  v i ta m in  D^ per 
m i l l i l i t r e )  as recommended by  the N a t io n a l  Research C o u n c i l  
(1957).
A p re l im in a ry  c o n tro l pe r iod  a t  grass (season pe rm it t in g )  
or housed and fed on hay and w a te r  extended over a m inimum 
pe riod  o f  4 w eeks in  a l l  experim ents  , A n im a ls  w e re  w e ig h e d  
on a d m iss io n ,a n d  a t reg u la r in te rv a ls  th e re a f te r ,  on a cage 
sp r ing  b a la n c e ,  and w e ig h ts  w ere  recorded to  the  nearest 
0 .5  k g .
In  the  course  o f these  e xp e r im en ts ,  apa rt from death due 
to  u r o l i th ia s is ,  spo rad ic  c a s u a lt ie s  w ere  encounte red  from, 
p a s te u re lla  pneum on ia , u n th r i f t in e s s  and p o s s ib le  c lo s t r id ia l  
in f e c t io n .
(b) Feed ing  M e thods  : The concen tra te  w as  fed e i th e r  as
3 3a s im p le  m ix tu re  or la te r  as a p e lle te d  ( / 8 "  or / 1 6 "  p e l le t)  
con cen tra te  ra t io n ,  made up c o m m e rc ia l ly  (B r i t is h  O i l  and 
C ake M i l l s ,  R enfrew , Scotland) and its  c o m p o s it io n  va r ie d  in  
the  d i f fe re n t  experim ents  .
H ay  fe e d in g  was lo c a l  meadov\? or t im o th y  h a y .  Roots 
w ere  lo c a l  tu rn ip s ,  fed c leaned and s l ic e d ,  or sugar b e e t .
(c) W a te r  : W a te r  w as the  main su p p ly  from G lasgow
C o rp o ra t io n  Loch K a tr ine  re s e rv o ir .  A n a ly s is  a t  the  la b o ra to ry  
on one o cca s io n  revea led  the  fo l lo w in g  m in e ra l va lue s  :
oo
Ca : 0 .05  mg%
M g  : 0 .0 4  mg%
PO^ : 0 .05  mg%
The C i t y  W a te r  D epartm ent con firm ed  these  ve ry  low  va lue s  
and the  In take  of these  m inera ls  in  the  w a te r  has the re fo re  
been ignored  in  a l l  the experim ents  .
2 . M e th o d  o f M anagem ent
(a) H o u s in g  ; An im als  were housed in  4 pe ns , each 
m easuring  12 fe e t x  16 fe e t ,  in  a large barn w i th  a h igh  ro o f .  
A d ja ce n t to  one pen was a door, 12 fee t x  8 fe e t ,  fa c in g  v\?est, 
w h ic h  w as k e p t open to  m a in ta in  good v e n t i la t io n .  Sheep 
w ere  bedded on b a r le y  s traw  or sa w d u s t.  H a y  w as fed from
8 “ fe e t co m m e rc ia l hayracks  a g a in s t  one w a l l ,  and concen tra tes  
from g a lv a n is e d  iron  troughs w i th  s u f f ic ie n t  space fo r  a l l  
a n im a ls  to  feed s im u lta n e o u s ly .  W a te r  w as f re e ly  a v a i la b le  
in  a l l  experim en ts  from g laze d  earthenware co n ta in e rs  and 
w as renewed eve ry  second d a y .
(b) Ex e rc is e  : E xe rc ise  w as o n ly  pe rm itte d  in  the  pens, 
exce p t fo r  rem ova l to  an a d ja ce n t passage fo r  sam p ling
p ro c e d u re s .
(c) G en e ra l E xam ina tion  ; Sheep w ere  exam ined d a i ly  fo r  
ge ne ra l he a lth  and any s ig n  o f  inappe tance  o r s t ra in in g  w h ic h  
m igh t be in d ic a t iv e  o f u r ina ry  o b s t ru c t io n „
3 c .C o l le c t io n  and P rese rva t ion  o f  Samp les
(a) B lood : .B lood  samples w ere  ta ke n  a t  w e e k ly  or 
fo r tn ig h t ly  in te rv a ls  a t the  same t im e  o f day in  a l l  experim en ts  
b y  d i re c t  venepunc tu re  o f the ju g u la r  v e in  a f te r  c l ip p in g  o f 
th e  w o o l and d is te n s io n  o f the  v e in  by  d ig i t a l  p re s s u re .  
Samples o f 10 m l.  w h o le  b lo o d  w ere  c o l le c te d  in to  h e p a r in ise d  
tu b e s .
(b) M e ta b o l is m  Cage Studies : S tud ies w ere  made us ing  
a se r ies  of 5 m e ta b o lic  cages made o f g a lv a n is e d  z in c  
("H a n d y a n g le "  , Glasgov\7) and each f i t te d  w i th  a s te e l w ire  
mesh (1 inch) f lo o r  beneath  w h ic h  w as a g a lv a n is e d  c o l le c t in g  
t ra y  and fu n n e l .  The e x te rn a l d im ens ions  w e re  4' 6" x  6 ' x  
2* 6 " ;  the  in te rn a l  d im ens ions  4' x  2 ' 6" x  2 ‘ G'M A t the 
f ro n t  w as a g a lv a n is e d  b o w l su b d iv id e d  fo r  v^ater and 
con cen tra tes  0 H a y  was su p p lie d  from a g a lv a n is e d  z in c  
r a c k . The equ ipm ent is i l lu s t ra te d  in  F ig s .  2 and 3 .
U rine  was c o l le c te d  In a 5 - l i t r e  po ly thene  n a rro w -n e cke d  
jug  under th y m o l (10 m l.  o f a sa tu ra ted  s o lu t io n  per 
c o l le c t i o n ) . U rine  passed in to  the ju g  th rough a coarse 
f i l t e r  des igned  to  re ta in  faeces p a r t ic le s  and c o n s is t in g  o f an 
8 - in c h  d iam e te r  po ly thene  fu n n e l w i th  f i l t e r  paper or a p lug  
o f g la ss  w o o l (F ig .  4 ) .
Faeces w ere  c o l le c te d  in  s p e c ia l ly  m anufactu red moulded 
faeces bags (Avon Rubber Com pany, B ra d fo rd -o n -A vo n , 
W i l t s h i r e ) ,  he ld  b y  a le a th e r harness and q u ick  re lease  c l i p s .
H ay  w as w e ig he d  to  the  neares t 25 0 g and con cen tra tes  to  
the  neares t 100 g on a spr ing  b a la n ce , and w a te r  consum p tion
i
w as recorded b y  a o n e - l i t r e  m easuring fu n n e l.
A l l  an im a ls  had a pe r iod  o f i n i t i a l  a c c l im a t is a t io n  la s t in g  
4 "8  days in  m etabo lism  cages ,
T w e n ty - fo u r  hour samples of urine and faeces were  ob ta ined  
fo r  3 - 6  day periods in  d i f fe re n t  e xp e r im e n ts .  A 30 m l.  
a l iq u o t  o f each 2 4 -hou r u rine sample was s to red  in  a ru b b e r-  
sea le d  sc re w -to p p e d  g lass  u n iv e rs a l b o t t le  , A l l  urine 
e s t im a t io n s  w ere  ca rr ie d  out a t  once .
FIG. 2. SIDE VIEW OF METABOLISM CAGE CONTAINING WETHER. HARNESS AND 
FAECES BAG ARE VISIBLE, AS IS THE URINE COLLECTION DEVICE
wm
f i g .  3. FRONT VIEW OF METABOLISM CAGE
MESH FLOOR
GALVANISED
TRAY
POLYTHENE FUNNEL WITH GLASS 
WOOL OR FILTER PAPER
POLYTHENE JUG
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FIG. 4 DIAGRAM SHOWING METHOD OF URINE COLLECTION 
IN METABOLISM CAGE
Procedures fo r  Blood and U rine
B lood sam ples w ere  ce n tr i fu g e d  a t once and e s t im a t io n  o f 
p lasma c a lc iu m  and magnesium was by  the method of Friedmann 
and Rubin (1955), and Ino rgan ic  phosphate b y  the  method of 
F iske  and Subbarow (1925). D e ta i ls  are g ive n  In the  append ix  
(p . 2 8 0 ) .  Urea w as measured b y  the urease Ness 1er 1 sa t Ion 
method (V a r ley , 1964).
U r in e  c a lc iu m  and magnesium were e s t im a te d  b y  a 
m o d if ic a t io n  of the  method o f Friedmann and Rubin (1955) and 
phosphorus by  a m o d if ic a t io n  o f F iske  and S ubbarow ’ s (1925) 
m ethod. U r in a ry  pH w as recorded us ing  an E .X .Lc m odel 23A 
d i re c t  read ing  in s tru m e n t,  U r in a iy  p ro te in  w as es t im a ted  by  
the  method of K ing and H as lew ood  (1936),
5 c Procedure a t  S laughter
A l l  an im a ls  seen to  be s tra in in g  and to  have p a r t ia l  or 
com p le te  u r ina ry  o b s tru c t io n  w ere  s laugh te red  fo r th w i th .  
S u rv iv in g  sheep w ere  k i l le d  in an a d ja ce n t s la u g h te rh o u se . 
B lood sam ples w ere  taken and f in a l  w e ig h ts  were a ls o  recorded 
on the  la s t  d a y .
Since i t  had p re v io u s ly  been observed a t a s laugh te rhouse  
th a t s tunned a n im a ls  fre q u e n t ly  urinated^ p re cau tion s  were  
taken  to  ensure c o l le c t io n  o f any urine and c a lc u l i  vo ided  a t 
th is  t im e ,
The e n t ire  u r ina ry  t ra c t  w as rem oved. S te r i le  c o l le c t io n  
o f  urine was made b y  d i re c t  b la d d e r  punctu re  be fo re  
d is s e c t io n  of the  t ra c t  from the  carcass or a f te r  rem ova l from 
the  a n im a l . U r ine  samples were preserved under l iq u id  
p a ra f f in  and swabs o f  urine were sent fo r  a e ro b ic  and 
a n ae rob ic  b a c te r io lo g ic a l  e x a m in a t io n .
6 . E xam ina tion  o f U r in a ry  T rac t
The t ra c t ,  preserved in  a p la s t ic  bag , was exam ined 
w i th in  2 hours of s la u g h te r .  La ter id e n t i f ic a t io n  o f the le f t  
and r ig h t  k id n e y s  was made by  ob se rva t io n  o f the  p e r ito n e a l 
su rface  of the p e r iu re te ra l fa t  and by  t ra c t in g  the  re trograde 
cou rse  o f the  ure ters . The p e r ire n a l and p e r iu re te ra l fa t  was 
then removed and the re n a l c o r t ic a l  su rface  was exam ined fo r  
any  a b n o rm a l i t ie s  o f  the cap su le  or u n d e r ly in g  t is s u e .  The 
k id n e ys  w ere  sec t io ne d  a t the re n a l-u re te r ic  ju n c t io n ,  
w h ere by  re n a l and u re te r ic  urine was a l lo w e d  to  d r ip  on to  a
u u *
s ta in le s s  s te e l  d is h .  W e ig h in g  of the is o la te d  k id n e y  was 
then perfo rm ed, recorded to  the  neares t 0 .5  g .
A lo n g i tu d in a l  se c t io n  w as made th rough  each k id n e y  and 
the  m a jo r and m inor ca lyce s  opened w i th  s c is s o rs  . The s iz e ,  
number and p o s it io n  o f c a lc u l i ,  w h ic h  w ere  the n  c o l le c te d  by  
w a sh in g  each k id n e y  se p a ra te ly  under a f in e  stream o f w a te r  
ove r a s ta in le s s  s te e l  b o w e l,  were reco rd e d .
In  some exp e r im e n ts , c la s s i f ic a t io n  w as done as fo l lo w s  :
Number o f C a lc u l i :
Few (0-6) +
M od e ra te  (7 -20)
Numerous ( Z>2 0) +++
Size o f C a lc u l i  :
C  1 mm +
1 -2 mm -i+
Z^'2 m m  4-4—t
The ure ters w ere  opened a long  th e i r  le ng th  to  d e te c t any 
c a lc u lu s  m a te r ia l and to  exam ine the mucosa; the b la d d e r  was 
opened near the  v e r te x ,  w h ic h  was he ld  up w a rds , and the 
con ten ts  l ik e w is e  em ptied in to  a b o w l .  The m ucosa l surface  
w as exam ined fo r  a b n o rm a lit ie s  .
The d is ta l  part o f  the  pen is  was f i r s t  e xa rp in e d . The g Ians 
was ex truded  from the p repuce , and the ve rm ifo rm  appendage 
was exam ined v is u a l ly  and m an ua lly  b y  p a lp a t io n  o f the  organ 
be tw een  fo re f in g e r  and thumb fo r  the d e te c t io n  o f  any m inute 
p a r t ic le s  in  the  lum en . In  one experim en t the  degree o f 
separa t ion  o f the  appendage from the  prepuce w as recorded 
( in  mm). The urethra w as then opened a lon g  i ts  d o rs a l su rface  
from the  b la d d e r neck to  the  is c h ia l  a rch ,  and from th is  p o in t  
d is ta l l y  was opened v e n t ra l ly .  At a p o in t ab ou t 5 cm , beh ind  
the  g lans  p e n is ,  a b lu n t  hypoderm ic  need le  (no . 17 B .W .G . )  
a t tach ed  to  a 1 0 m l.  sy r in ge  f i l l e d  w i th  s a l in e ,  w as in se r te d  
d is ta l l y  in to  the  urethra to  a s c e r ta in  w h e th e r u r ine  f lo w e d  out 
th rough the t ip  o f the verm ifo rm  appendage. F in a l ly ,  
d is s e c t io n  was co n t in u e d  down to  the  d is ta l  u re th ra .
7 . H is to lo g y
Sections  a p p ro x im a te ly  2 x 1 x 1  cm . w ere  take n  fo r  
h is to lo g ic a l  exa m in a t io n  o f :
(1) Both k id n e ys  o f a l l  a n im a ls ;  a d d i t io n a l  se c t io n s  
w ere  taken  where there was ev idence  o f gross 
c a lc u l i ,  in  w h ic h  case the a f fe c te d  a re a , in c lu d in g
c o r te x ,  m edu lla  and the p a p i l la ry  zon e , w as s e le c te d .
(2) U re te r; random se c t io n s  were take n  from each 
s e r ie s .  In  a d d i t io n ,  sec t io ns  w ere  ta ke n  from 
an y  u re te r w h ic h  showled a b n o rm a lity  such as 
oedema or d i la ta t io n  or obv ious o b s tru c t io n  b y  
a c a lc u lu s  .
(3) B ladder; samples from each series  (fundus) and 
an y  abnorm al t is s u e .
(4) U re th ra ; in  se le c te d  cases se c t io n s  w ere  taken 
from p e lv ic  ure thra ; penis a t s ig m o id  f le x u re ;  
pen is  a t / o r  p o s te r io r  to  g lans p e n is ; appendage .
Specimens w ere  p laced  in  10% fo rm a lin  fo r  f ix a t io n  and 
w e re  then  p ro cesse d , embedded in  p a ra f f in  w a x  and se c t io n e d  
a t  7 The s ta in s  em ployed were haem .atoxy lin  and e o s in ,  
von Kossa and P e riod ic  A c id  S ch if f  (PAH), ( L i l l y ,  1954).
D e ta i ls  are g iven  in the A p p e n d ix .
D .  RENAL PATHOLOGY
G ross and m ic ro sco p ic  pa tho logy  was performed on a l l  
sheep w h ic h  d ied  in  the e xp e r im e n ts ,  as w e l l  as on 2 0 
c l i n i c a l  c a s e s .  The methods are g iv e n  in  the  p rev ious  s e c t io n
E . C O M PO SIT IO N  OF CALCULI
M a te r ia l  from 2 0 cases o f n a tu ra l ly  o ccu rr in g  u ro l i th ia s is  
w as a n a ly s e d .  The m a te r ia l was recovered a t pos t mortem from 
k id n e y s  (15), b la d d e r  (3) and urethra (2 a n im a ls ) .  A l l  an im a ls  
had shown c l i n i c a l  s igns o f u r o l i th ia s is .  A n a ly t ic a l  methods 
were ro u t in e  q u a l i ta t iv e  b io c h e m ic a l te s ts  (V a r ley , 1964). S ince 
each te s t  requ ired  a reasonab le  amount o f c a lc u lu s  m a te r ia l ,  i t  
w as o ften  o n ly  p o s s ib le  to  te s t  fo r  a l im ite d  number o f ra d ic a ls  .
In  a d d i t io n  m a te r ia l from 10 fu r th e r  cases underwent x - r a y
c ry s ta l lo g ra p h y  in  the  labo ra to ry  of P ro fessor K . L o n sd a le ,
London . Ten spec im ens were exam ined :
Experim ent 3 : 2 cases (23988/11 and 23977 /26)
Experim ent 4 : 3 cases (2 5 8 4 9 /2 , 13 and 25)
C l in i c a l  cases : 4 cases (25233, 25286, 25388, 26311)
One e xp e r im e n ta l worm “ free lamb (P 92 7 ).
A l l  the specim ens w ere  sam pled b y  rem ov ing  part o f the  stone 
and e i th e r  ta k in g  an x - r a y  d i f f ra c t io n  photograph o f the  un trea ted  
sam ple on a U n icam  pho togon iom eter, or b y  pow dering  a la rge r 
q u a n t i ty  and fa s te n in g  the  powder w i th  D u ro f ix  to  the  spec im en 
h o ld e r  o f a N on ius  powder camera to  a ch ie ve  a b ig g e r  
re s o lu t io n  (Lo nsd a le , 1965).
2 .  R E S U L T S 
A .  DISTRIBUTION AND INCIDENCE
(1) A b a t to ir  D ata  . About h a l f  a m i l l io n  sheep pass through 
G lasgow  C o rp o ra t io n  a b a t to ir  a n n u a l ly .  In  1961 and 1962 
(533 ,713  and 5 3 5 ,8 7 9 ) ,  the re  w ere  re s p e c t iv e ly  3 and 6 
condem nations fo r  u raem ia . F igures fo r  la te r  years w ere  
s im i la r .
U raem ia re s u lts  from e x te n s iv e  lo ss  o f re n a l fu n c t io n  due 
to  p y e lo n e p h r i t is , ch ro n ic  in te r s t i t ia l  n e p h r i t i s , h yd ro n e p h ro s is ,  
and o ther c a u s e s .  The presence o f re n a l u ro l i th ia s is  per se 
w o u ld  no t re s u lt  in  rena l d y s fu n c t io n  and the  deve lopm ent of 
u ra em ia . U n i la te ra l  in vo lve m e n t o f a k id n e y  in  hyd ronephros is  
can re s u lt  from u re te ra l or re n a l p e lv ic  o b s t ru c t io n ,  bu t 
in fo rm a tio n  from the  s la u g h te rh o u se , though not reco rded , 
sugges ted  th a t  hyd ronephros is  was uncommon and a l l  meat 
in sp e c to rs  de sc r ib ed  re n a l c a lc u l i  as rare in  th e i r  e xp e r ie n ce , 
as judged  on the  in te rn a l exam ina tion  o f condemned k id n e y s .
For com parison  pu rposes , condem nations o f b o v in e  k id n e y s ,  
w h ic h  w ere  in d iv id u a l ly  reco rded , in d ic a te d  an o v e ra l l  k id n e y  
condem na tion  rate of 0.51%  in  the  years 1960-1962 . In  cov^^s,
the  ra te  w as 1 ,3% and was c h ie f ly  due to  c y s t ic  k id n e y s ,  
n e p h r it is  and a b s c e s s e s .  H yd ronephros is  and rena l c a lc u l i  
w e re  a ls o  rare in  c a t t le .
A b b a tto ir  data d id  not appear to  be a u s e fu l  w a y  o f 
a s s e s s in g  the in c id e n ce  o f ov ine  u ro l i th ia s is  due to  the  
d i f f i c u l t y  in  d e te rm in in g  the  presence o f  c a lc u l i  in  the  k id n e y s .  
E xam ina tion  o f 5 00 ov ine  b ladders  a f te r  s la u g h te r  fa i le d  to  
re v e a l c a lc u l i  bu t th is  absence d id  not n e c e s s a r i ly  im p ly  an 
absence o f c a lc u l i  from the k id n e ys  of the same a n im a ls .
I t  w as tho ug h t th a t  c l i n i c a l  records m igh t be a s u i ta b le  
m eans o f in v e s t ig a t in g  the  d is t r ib u t io n  and in c id e n c e .
(2) C l in i c a l  Records .  In  the period 19 61 -19 66 , 35 sheep 
a f fe c te d  w i th  o b s tru c t iv e  u ro l i th ia s is ,  con firm ed  on c l i n i c a l  
a n d /o r  pos t moitem  e xa m in a t io n ,  were re c e iv e d  in  th is  H o s p i ta l .  
These an im a ls  o r ig in a te d  from 30 d i f fe re n t  farms in  d i f fe re n t  
parts o f S co tlan d , p re do m in an tly  the W e s t .  The breed 
in c id e n c e  o f  these  35 cases was : B la c k fa c e ,  3 0; Border 
L e ic e s te r ,  4; S u ffo lk ,  1. T he ir  ages w ere  : 6 m onths, 1 case ; 
6 -12  m o n th s , 20 cases ; 1 -2 ye a rs ,  8 cases ; 2 -3  ye a rs ,
5 cases ; the  rem a in ing  a n im a l was 5 years o ld .
T h ir ty - th re e  o f the  35 sheep were en t ire  males and 2 were 
c a s tra te d  m a le s .
The m o r ta l i ty  ra te  in  these  c l in ic a l  cases w as h ig h . N ine  
an im a ls  re turned to  fu r the r b re e d in g . Tab le  2 shows the  
in c id e n c e  re la te d  to  the type  o f m anagem ent,
T ab le  2 ; In c id e n c e  of O b s tru c t ive  O v ine  U ro l i th ia s is  on 30 
Farms re la ted  to  the  Type o f M a n a g e m e n t.
E n t ire ly
Housed
Part ly
Housed Outdoors j T o ta l
Number of farms 16 2 12 30
Number o f know n 
a f fe c te d  an im a ls 45 5 16 66
T o ta l o f an im a ls  
a t  r is k 743 50 262
.
1055
Percentage o f 
a n im a ls  a f fe c te d 6.06% 10.0% 6.1% 6.2%
The Surgery D epartm ent o f the  Edinburgh U n iv e rs i ty  
V e te r ina ry  F a c u lty  had records o f 15 cases o f ov in e  u ro l i th ia s is  
in  12 y e a rs .  A l l  cases were  in e n t ire  m a les , and I I  an im a ls  
were aged 6 months to  1 y e a r .  M o s t  cases occurred  in  the 
B la ck fa ce  b reed , and 6 cases re co ve re d . The method o f
management and the  in c id e n ce  on a f fe c te d  farms w as  not 
re c o rd e d .
In fo rm a tio n  o f th is  type  is  l im ite d  in  v a lu e  s in ce  i t  is  
h ig h ly  s e le c t iv e .  A n im a ls  sen t to  v e te r in a ry  h o s p i ta ls  tend 
to .b e  v a lu a b le  or p o te n t ia l ly  v a lu a b le ,  and t h is ,  a l l ie d  to  the  
n a tu ra l ly  g re a te r number o f younger, as opposed to  o lde r ram s, 
may e x p la in  the  grea te r in c id e n ce  in  young s u b je c ts .
The h igh  p ro po rt ion  of the  B la ck face  breed (41 out of 50 
sheep) is in te re s t in g ,  bu t the  B la ck face  is  the  dom inan t breed 
in  S co tla n d , in  p a r t ic u la r  in  the  w e s t and n o r th ,  w here  i t  forms 
abou t 9 0% o f the  sheep p o p u la t io n .
The ty p e  o f  management w as exam ined s in ce  i t  has been 
s ta te d  (N a irn ,  1939) th a t  c lo s e  con finem en t and lack of 
e x e rc is e  may be p re d isp o s in g  fa c to rs .  Though many an im a ls  
w^ere a f fe c te d  on farms from w h ic h  the 35 G la sg o w  c l i n i c a l  
cases w ere  o b ta in e d , the  p ro po rt ion  o f an im a ls  a f fe c te d  was 
s im i la r  under c o n tra s t in g  management s y s te m s , ou tdoor 
husbandry  or housed s to c k .  Th is  suggests  thaï; the  typ e  of 
management is  u n im p o rta n t.
The s im i la r i t y  o f the Ed inburgh f ig u re s  sugges ts  th a t the 
problem is no t a pu re ly  lo c a l  one . The s m a l le r  number o f 
cases in  the  east can be a t t r ib u te d  p a r t ly  to  a s m a l le r  sheep 
p o p u la t io n  and p a r t ly  to  a less  in te nse  in v e s t ig a t io n  o f th is  
p a r t ic u la r  p ro b le m .
The th ird  source o f in fo rm a tio n  was the  records of 
in su rance  co m p a n ie s .
(3) Insu rance  C om pan ies : O ver a period  o f 3 or 6 y e a rs ,
3 branches of insu rance  com panies found a l im i te d  number o f 
c la im s  due to  u r o l i th ia s is .  The d e ta i ls  are g iven  in  Tab le  3 .
Tab le  3 : Num ber o f C la im s fo r  U ro l i th ia s is  in Insu rance  
Company Records
C la im s  
A l l  Causes
C la im s  fo r  
U ro l i t h ia s is
Period
(years)
Com pany A 150 0 3
Com pany B , 
Branch 1 250 2 6
Com pany B , 
Branch 2 212 12 5
C la im s  formed about 10% of a l l  sheep in s u re d . The m a jo r i ty  
o f c la im s  w ere  fo r  a c c id e n ta l  in ju ry  ( f ra c tu re s ,  drow n ing) . In
one b ranch  of the  second com pany (Table 3), u ro l i th ia s is  
c la im s  rep resen ted  abou t 6% o f a l l  c la im s  . In  th is  b ranch  
the  m a jo r i ty  o f the  insu red  sheep were a n im a ls  abou t 6 
months o ld ,  w h ic h  w ere  insu red  Im m ed ia te ly  a f te r  purchase 
a t  an autumn ram s a le .  The d iag no s is  o f u ro l i th ia s is  w as 
dependent on an adequate  pos t mortem e xa m in a t io n  by  the 
ow ne r 's  v e te r in a ry  surgeon and in  some cases  the  carcass  
had o b v io u s ly ,  from the  c e r t i f ic a te ,  undergone c o n s id e ra b le  
a u to ly s is  . C ases o f 'rup tu red  b la d d e r ' and ‘rup tured  urethra ' 
w ere  assum ed to  denote u r in a ry  t ra c t  o b s tru c t io n  due to  
c a lc u l i ,  even though c a lc u l i  were not s ta ted  to  have been 
fo u n d . O ther cases s ta te d  to  be 'pneum on ia ' may have been 
a secondary  pneumonia superim posed on an und iagnosed 
u ro l i th ia s is  .
The kno w led ge  th a t  v e te r in a ry  surgeons are in  a p o s it io n  
to  g iv e  some In fo rm a tion  on d isea se  in c id e n c e ,  when 
c o n d it io n s  are no t recorded o f f i c ia l l y  b y  the  M in is t r y  of 
A g r ic u l tu re ,  led  to  the  fou rth  approach .
(4) Veter in a ry  P rac t ices  i.n England, W a les  and Scot la nd : 
F o r ty -n in e  of 52 p ra c t ic e s ,  c i r c u la te d  by the  V e te r in a ry  C l in i c a l  
O b se rva t io n  U n it  in  1965, re p l ie d  and the f ig u re s ,  w h ic h  re fe r 
to  the  in c id e n c e  o f ov ine  u ro l i th ia s is  in  d i f fe re n t  p ra c t ic e s ,  
are g ive n  in  Tab le  4 .
Tab le  4 : Frequency o f In c id e n ce  of O v ine  U ro l i th ia s is  in
V e te r ina ry  P rac t ices  in  E ng land , W a le s  and S c o t la n d . 
(Report o f V e te r ina ry C l in ic a l  O bse rva t io n  U n i t , 1965)
"Com m on" "N o t Rare" "Rare"
Sco tland
England
W a le s
7
0
7
G
1
6
39
4
(The d if fe re n c e  in  frequency  betv\/een Sco tland and E n g la n d /V /a ie s
2is  s t a t i s t i c a l l y  s ig n i f ic a n t  (C h i ' “  2 3 .0 4 ,  2 degrees o f fre e d o m ,
P .0 0 1 )) .
The f ig u re s  show th a t the  c o n d it io n  w as never "com m on" in  
E n g lish  or W e ls h  p ra c t ic e s .  About a th ird  o f th e  S co tt ish  
p ra c t ic e s  c la im e d  ov ine  u ro l i th ia s is  w as "c o m m o n " ,  and a 
s im i la r  p ropo rt ion  "n o t  ra re " . S ta t is t ic a l  a n a ly s is  o f th is  data
shows th a t  the d i f fe re n c e  in  frequency  be tw een Sco tland and 
com b ined  England and W a le s  was s ig n i f ic a n t  (p . 001) «
N o f ig u re s  w ere  ob ta in a b le  fo r  the a c tu a l  number o f cases 
seen and i t  must be expected  th a t the  in te rp re ta t io n  o f the  
te rm in o lo g y  o f frequency  d i f fe re d  from p ra c t ic e  to  p ra c t ic e .  
S ince the  numbers o f an im a ls  a t  r is k  in  a p ra c t ic e  are not 
kn o w n , i t  is  hard to  con ce ive  a method o f a n a ly s is  w h ic h  
w o u ld  g ive  the  true  in c id e n c e .
In  1968, a fu r th e r  a ttem pt was made to  o b ta in  fa c tu a l  
data from p ra c t ic e s .  F i f ty -o n e  u s e fu l re tu rns  w ere  ob ta ined  
from 60 c ir c u la te d  p ra c t ic e s .  The freq ue ncy  is  exp ressed , 
as in  the  p rev ious  ta b le ,  in  respec t o f p ra c t ic e s .  On th is  
occa s io n  a s im p le  separa tion  was made in to  p ra c t ic e s  v^ith 
and w i th o u t  ov ine  u ro l i th ia s is  cases in  the  p rev ious  12 
months (Table 5) .
A d d it io n  o f the  in d iv id u a l  p ra c t ic e  f ig u re s  in  re sp e c t o f 
b reed showed th a t 9 o f a to ta l  o f 76 B la ck fa ce  rams a t  r is k  
w ere  a f fe c te d  and 2 d ie d ,  w h i le  12 of abou t 2 00 rams o f o ther 
breeds w ere  a f fe c te d  and 7 sheep d ie d . I t  w as e v id e n t from 
th is  q u e s t io n n a ire  th a t there  was a poor re tu rn  from S c o t la n d .
T ab le  5 : O ccurrence  o f U r o l i t h ia s i s . in  P rac t ice s  in  E n g la nd , 
W a le s  and S co tla n d .
(V e te r in a ry  C l in i c a l  O bse rva t io n  U n i t ,  1968)
----
P o s it iv e N e ga tive
...... .
 ^ T o ta l
S co tland 2 3 ! 5
England 3 40 43
W a les 0 3 3
(The d if fe re n c e  in  frequency  be tw een 
Scotland and E n g la n d /W a le s  is  not 
• s ig n i f i c a n t ) .
The reason fo r  th is  is  un ce rta in  bu t i t  does not n e c e s s a r i ly  
in d ic a te  a low  in c id e n c e ,  indeed the  amount of w o rk  necessa ry  
to  com p le te  the  q u e s t io n n a ire  may have led  to  th is  f a i lu r e .  A 
number o f  p ra c t ice s  in  areas o f h igh  sheep d e n s i ty  reported  no 
cases o f o v ine  u ro l i th ia s is  fo r  t h is ,  and s e ve ra l p reced ing  
y e a rs .  The d e c rea s in g  va lu e  o f in d iv id u a l  sheep has meant 
•that f lo c k  problem s have re ce ive d  more a t te n t io n  in  recen t 
years .
F in a l ly ,  t ra c in g  back  to  sources o f  p o s s ib le  in fo rm a t io n ,  
ped igree sheep farmers were in v e s t ig a te d  in term s o f sheep
lo sse s  due to  u r o l i t h ia s is .
(5) Pedigree Sheep F a rm ers , S e ven ty -o ne  o f 15 0 farmers 
(47%) re p l ie d  to  the Border L e ic e s te r  q u e s t io n n a ire ,  and 11 
(15%) had exp e r ien ced  u ro l i th ia s is  in the p re v io us  5 y e a rs .
The in c id e n ce  of d ise a se  w a s  1-10% of an im a ls  a t  r is k  and 
m o r ta l i ty  was 60-100%  of a f fe c te d  sheep .
The re tu rn  from the B la ck fa ce  breeders w as 54 o f 140 
c i r c u la rs  (38%) and the in c id e n ce  was 50%, s in ce  27 farmers 
reported  cases in  the p rev ious 5 y e a rs .  M o r b id i t y  and 
m o r ta l i t y  were s im i la r  to  the  Border L e ic e s te r  b re e d .
In  the  more a m b it io u s  1965 su rve y , 89 re p l ie s  were 
re c e iv e d  (17 .5%  re tu rn ) ,  o f w h ic h  23 w ere  d isca rd e d  due to  
la ck  of d e ta i ls  .
T h i r t y - tw o  per ce n t (21 /66 ) o f the breeders had experienced  
u ro l i th ia s is  in the prev ious 3 years among ram la m bs . In  Tab le  
•6, the  a f fe c te d  f lo c k s  have been d iv id e d  in to  la rge (more than 
100 ram lambs reared) and sm a ll ( less than 100 ram la m b s ).
The Inc id en ce  of d isease  w as 1 -12% as shown in  Tab le  6 , 
M o r ta l i t y  v a r ie d  from 3 0 -100% .
T ab le  6 : In c id e n ce  o£ C l in ic a l  U ro l i th ia s is  among Breeders 
o f  B la ck fa ce  Ram Lambs (1965 S urvey) .
At Risk Num berA ffe c te d %
Large f lo c k s F lock  1 245 25 10
(>100 lambs reared) F lock  2 300 3 1
Sm all f lo c k s F lock  3 40 5 12
(<ilOO lambs reared) F lock  4 50 1 2
F locks  1 and 3 were those  w i th  the h ig h e s t in c id e n ce  over 
the  3 -y e a r  p e r io d .  F locks  2 and 4 had the  lo w e s t  in c id e n ce  
o f  p o s i t iv e  c a s e s .  The range o f in c id e n ce  w as s im i la r  in 
la rge  and s m a l l  f lo c k s .
The re tu rns showed th a t 54 /145  sheep w i th  u ro l i th ia s is  
d ied  or w ere  s la u g h te re d , rep resen ting  a m o r ta l i ty  ra te  of 37% 
E xpressed as a percentage o f male an im a ls  a t r is k ,  m o r ta l i ty  
w as 1 ,4%  0
The method o f husbandry  on farms w here u ro l i th ia s is  had 
occurred  w as then  compared w i th  farms w i th  'h e a l th y '  an im a ls  
in  re sp e c t o f u r o l i t h ia s is .  Th is  in fo rm a tio n  is  summarised
o
in  Tab le  7 .
Tab le  7 : Type o f H usbandry  on Farms w i th  U ro l i th ia s is  
1962-1965 compared w i th  Farms w i th o u t  
U r o l i t h ia s is (B la ck face  Breeders) ,
Farms w i th  
U ro l i th ia s is
Farms v\7ithout 
U ro l i t h ia s is T Ota 1
H oused e x c lu s iv e ly 14 8 22
Pasture during  day : 
Housed a t n igh t 6 17 23
Pastured e x c lu s iv e ly 1 20 21
T o t a l s 21 45 66
2('iC ~ 11 ,3  a t 2 d of, P <C *005 . A n im a ls  housed e x c lu s iv e ly  
have a s ig n i f i c a n t ly  h igh e r in c id e n ce  o f a f fe c te d  an im a ls  
compared v\^ith those pa rt-h ou sed  or a t p a s tu re ) .
An im a ls  w h ic h  were on farms where the  p ra c t ic e  w as to  
house the  ram lambs were s ig n i f i c a n t ly  more l ia b le  to  be a f fe c te d  
w i th  u ro l i th ia s is  than  an im a ls  kep t a t pas tu re  c o n t in u o u s ly .
Th is  type  o f  in d o o r management is not: o n ly  a d i f fe re n t  method 
o f re a r in g ,  bu t a lm o s t a lw ays  in vo lve s  a d i f fe re n t  type  o f 
fe e d in g .  At g ra s s ,  most an im a ls  re ce ive d  hay sup p lem e n ta t io n  
in  w in te r  w i th  l im ite d  concen tra tes  . Indoo r an im a ls  w ere  fed 
l im ite d  roughage and a h igh  concen tra te  in ta k e .
As in  th e  se r ies  of c l i n ic a l  cases p re v io u s ly  d e ta i le d ,  a l l  
an im a ls  w i th  u ro l i th ia s is  had, regard less  o f t h e i r  h o u s in g , 
been re c e iv in g  c o n c e n tra te s ,  e i th e r  a compounded h igh  
p ro te in  ca ke , or homegrown fo o d s tu f fs ,  or b o t h .
E leven cases o f suspected  b u t uncon firm ed u ro l i th ia s is  
w ere  reco rde d . Th is  f ig u re  is s m a l l ,  compared w i th  the 
h ig h  f ig u re  (145) fo r  con firm ed  ca se s , and suggests  th a t  the 
c l i n i c a l  s igns  are s p e c i f ic  and th a t  the  fa rm er f in d s  d ia g n o s is  
to  be e a s y .
The m a jo r l im i ta t io n  o f th is  b reeder su rve y  is th e ,p o o r 
re tu rn  o f in fo rm a t io n .  Th is  w eakness leads to  the p o s s ib i l i t y  
th a t  farmers w i th  in te re s t  in  and experience  o f u ro l i th ia s is  
w o u ld  be more l i k e ly  to  com p le te  the  q u e s t io n n a ire  g iv in g  
r is e  to  an in a c c u ra te ly  h igh  in c id e n ce  r a te . That the  
in c id e n c e  is  spo rad ic  and v a r ia b le  has been con firm ed  b y  
s c ie n t is ts  in  s e v e ra l S co tt ish  research  departm ents where 
housed sheep have been ke p t fo r  exp e r im e n ta l purposes 
(W est o f  Sco tland A g r ic u l tu ra l  C o lle g e ; Rowett Research 
I n s t i t u te ,  Aberdeen; D epartm ents  o f  A n im a l H usband ry  and 
E xp e r im e n ta l V e te r ina ry  M e d ic in e ,  G lasgow  U n iv e rs i t y
V e te r in a ry  S c h o o l) .
DISCUSSION
F ive  sources of in fo rm a tio n  were  used to  a ttem p t an 
asse ssm en t o f the  in c id e n ce  o f ov ine  u ro l i th ia s is  in  B r i ta in ,  
and s p e c i f ic a l ly  in  S co tla n d . A l l  sources have obv ious 
d is a d v a n ta g e s , and any In fo rm a tion  ob ta ined  under such 
c ircu m s ta n ce s  must be c a re fu l ly  a ss e s s e d .
The a b a t to i r  s tu d y  showed th a t  sheep sen t to  one la rge  
S c o tt is h  a b a t to i r  ra re ly  had severe ren a l d is e a s e .  Under 
norm al c o n d it io n s  o f meat in s p e c t io n  the  k id n e y s  are not 
opened b u t are exam ined fo r  a b n o rm a lit ie s  o f shape , 
c o n s is te n c y  and c o lo u r .  The p e r ire n a l fa t  masks much o f 
the  s u r fa c e .  M a n y  k id n e ys  may have co n ta in e d  c a lc u l i  in  
the re n a l p e lv is ,  bu t th is  co m p la in t is ra re ly  heard from 
b u tc h e rs ,  and l im i te d  pe rsona l ob se rva t io n  o f k id n e y s  from 
ou tdoo r, e x te n s iv e ly  reared sheep con firm s th is  o p in io n .
The s e le c t io n  of an im a ls  sen t fo r  trea tm en t in  an a n im a l 
h o s p i ta l  is dependent on se ve ra l fac to rs  such as  the  va lu e  
o f the  a n im a l,  the  s e v e r i ty  o f d ise a se , d is ta n c e  from the  
h o s p i ta l  and a d v ic e  from the  v e te r in a ry  p ra c t i t io n e r .  
D o u b t le ss  the  35 cases of u ro l i th ia s is  re fe rred  to  G lasgow
U n iv e rs i t y  V e te r in a ry  H o s p i ta l  tended to  be more v a lu a b le  
than usua l and were p re do m in an tly  from the  W e s t  o f S co tla n d . 
I t  is  c le a r  th a t  younger sheep w ere  more o ften  sen t fo r 
t rea tm e n t than o lde r ram s, and a ls o  th a t ,  a re f le c t io n  o f the 
lo c a l  breed d is t r ib u t io n ,  B la ck fa ce  sheep formed the  
m a jo r i ty .  T h is  o b se rva t io n  o f age and breed In c id e n ce  was 
con firm ed  in  the  records o f insu rance  com panies w here  the  
o n ly  b ranch  w here  the  in c id e n ce  w as o f note w as in  a com pany 
w h ic h  s p e c ia l is e d  in  the  insu rance  of young male sheep 
im m e d ia te ly  fo l lo w in g  the autumn sa les . A g a in ,  the  m a jo r i ty  
o f an im a ls  so ld  a t  such sa les  are B la ck fa ce  sheep about 6 
months o ld .  Both c l i n i c a l  and insu rance  records in d ic a te d  
th a t  cases w e re  more common in  the  w in te r  and sp r ing  months 
than in  the  summer and au tum n, and an im a ls  exposed a t  ram 
sa les  in  Sco tland in September v\/ould the re fo re  be l ia b le  to  
have a c r i t i c a l  pe riod  o f maximum r is k  com m encing w i th in  2 
m o n th s .
Records ob ta ined  b y  the  V e te r ina ry  C l in i c a l  O bse rva t io n  
U n it  have been v a lu a b le  in  d e f in in g  the re g io n a l d is t r ib u t io n  
of va r io u s  d isea ses  not su b je c t to  c o n tro l b y  le g is la t io n .  The 
2 su rveys  on ov ine  u ro l i th ia s is  em phasise the  v a r ia b le  annua l
/  y
in c id e n c e ,  s in ce  exam ina tion  of the f ig u re s  shows th a t m 
the  second survey the  in c id e n ce  in Sco tland vms not 
s ig n i f i c a n t ly  d i f fe re n t  from Eng land . This in te rp re ta t io n  
is la rg e ly  due to  a poor re turn  response from S co tt ish  
p ra c t ic e s .  In  the  second su rve y , w h ic h  requ ired  e s t im a t io n  
o f an im a ls  a t r is k  and a f fe c te d ,  the p ro po rt ion  o f B la ck fa ce  
sheep w i th  u ro l i th ia s is  is twdce th a t of o the r b re e d s , bu t 
no s ig n i f ic a n c e  can be a ttached  to  these  f ig u re s  s in ce  to ta l  
numbers are to o  s m a l l .
A random survey  of sheep breeders p re s e n ts ,  t h e o re t ic a l ly ,  
the  b e s t  method o f d e f in in g  d isease  in c id e n c e  w hen the  
c o n d i t io n  is  w e l l  recogn ised  and c h a ra c te r is t ic ,  as in  
u r o l i t h ia s is .  The method is t im e -c o n s u m in g  and in v a r ia b ly  a 
poor percen tage re turn  is a n t ic ip a te d . The In tro d u c t io n  to  the 
su rve y  c i r c u la r  e xp la in e d  the purpose of the  e n q u iry  and 
exp ressed  the  hope tha t u s e fu l in fo rm a tio n  w o u ld  f i l t e r  back; 
to  the in d iv id u a l  b re ed er. Returns of 47%, 38% and 17.5%  
are poor, b u t ,  be a r ing  in  mind the  l im i ta t io n s ,  the  in c id e n ce  
o f a f fe c te d  farms over a 5 and 3 yea r pe riod  appears to  be 
abou t 5 0% and 3 0%, w i th  a m o r ta l i ty  ra te  o f abou t 1% of 
an im a ls  a t  r i s k . In  severe in s ta n c e s ,  the  in c id e n c e  may be
u u c
abou t 10%o The m o r ta l i ty  w as g e n e ra l ly  a ckn ow le dg ed  to  
be h ig h ,  and housed an im a ls  were  more f re q u e n t ly  a f fe c te d .
These s u rv e y s ,  though th e ir  va lue  was l im i te d ,  served 
to  i l lu s t r a te  problem s of the  e s t im a t io n  o f d ise a se  in c id e n c e  
in  B r i ta in ,  and em phasise  the need fo r  a un ifo rm  system  o f 
causes o f death as re c e n t ly  s ta r ted  b y  the V e te r in a ry  
In v e s t ig a t io n  Se rv ice  o f the  M in is t r y  o f A g r ic u l tu re . The 
lo w ,  and above a l l ,  the v a r ia b le  in c id e n ce  o f  u ro l i th ia s is  
made im p ra c t ic a b le  the  b io c h e m ic a l,  n u t r i t io n a l  and 
p a th o lo g ic a l s tu d y  o f the  d isease  on know n a f fe c te d  fa rm s, 
and i t  was the re fo re  dec ided  th a t ,  a f te r  a s tudy  of norm al 
ov ine  u r in e ,  a ttem p ts  w o u ld  be made to  produce the  d isea se  
e x p e r im e n ta l ly .
Bo COMPOSITION OF OVINE URINE
1 o E s t im a t io n s  on Stored U r in e . The re s u lts  on pH changes 
in  s to red  urine  are sum m arised in  Tab le 8.
Tab le  8 : Changes in  pFI undergone by  U r in e  under D i f fe re n t  
C o n d it io n s  of S to ra ge .
Tem perature C o n d it io n  of Storage In te r v a l !  pH Change + or -  * *
z o ° c
7°C
E nc losed  b o t t le
Beaker
II
E nc losed  b o t t le *
II II
Beaker
It
-0 ,0 7 )  , . ,  ,24 hours I _ s laugh te rhouse  ? -0  n 05}
96 hou rs i TO . 01
24 hours ; - 0 .  05)
7 days
24 hours
96 hours
7 days
24 hours 
96 hours 
24 hours 
96 hours 
24 hours 
96 hours
_^0_47)catheter
+ 0 ,81  ca th e te r  
+ 0 ,4 6  s laugh te rhouse  
+2 ,10  ca th e te r
+ 0 ,60 )
+ 0 ,5 3 )
-0 .0 9 )
-0 ,0 5 )
+ 0 ,9 1 )
+ 0 .91 )
ca th e te r
*  These sam ples w ere  o f 10-12 m l.  u r ine  in  a u n iv e rs a l b o t t le ,  
rem a in ing  space be ing  occup ied  b y  a i r .
in c re a se d  a lk a l in i t y ;  -  "  inc reased  a c id i t y .
The d i re c t io n  o f pH change was u s u a l ly  tow a rds  an inc reased  
a l k a l in i t y ,  b u t  the  re s u lts  show c le a r ly  th a t  the change is
in s ig n i f ic a n t  over 24 hours w i th  a sample p reserved  in  an
e n c lo se d  b o t t le ,  and th a t  p re se rva tion  of such sam ples in  a 
re f r ig e ra to r  does not a l te r  the  ex ten t o f cha ng e . On the  
o the r hand , p re se rva t io n  in  an open beake r leads to  c o n s id e r ­
ab le  pH changes (up to  1 pH u n it  in  24 h o u rs ) ,  and even 
exposure  to  the  a i r  in  a h a l f - f i l l e d  b u t c lo s e d  u n iv e rs a l 
b o t t le  makes the  sam ple u n re l ia b le  fo r  a de la yed  measurement 
o f p H .
M easurem en t o f pH of u r ine  in  f u l l  u n iv e rs a l b o t t le s  
made at in te rv a ls  o f 2 hours fo r  8 hours showed no s ig n i f ic a n t  
c h a n g e s .
The im p l ic a t io n  o f these  f in d in g s  fo r  methods o f c o l le c t io n  
in  m e tabo lism  cages w i l l  be cons ide red  la te r .
The e s t im a t io n  o f u r ina ry  pH shou ld  n o rm a l ly  be done as 
soon as p o s s ib le  a f te r  c o l le c t io n ,  bu t these  re s u lts  in d ic a te  
th a t  a de layed  e s t im a t io n  on a p ro pe r ly  s to red  sam ple (c losed  
u n iv e rs a l b o t t le ,  f u l l  and covered b y  l iq u id  p a ra f f in  sea l) w i l l  
g ive  an accu ra te  r e s u l t .
2 e N orm a l Sheep a t S la u g h te rh o u se . G roup 1 had a mean 
pH reco rd ing  o f 6 .07 + 0 .5 2 ,  Group 2 of 6 .2  + 1 ,0 8  (mean and 
s tandard  d e v ia t io n ) .  A l l  va lue s  in  Group 1, w i th  one 
e x c e p t io n  (7 .4 5 ) w ere  a c id ic ,  the. lo w e s t  be in g  5 . 5 .  In
8 b
G roup 2 , the  range w as 5 .4 -  8 .2 .
(3) N orm a l Sheep a t Pasture C ^  A)
U r in a ry  pH : T ab le  9 show?s the mean u r ine  pH fo r  the 
in d iv id u a l  months over a 7 -y e a r  pe r io d . A lk a l in e  u rine  is 
produced du ring  a few  spring  and summer m on ths , r is in g  from 
lo w e r  and a c id ic  va lues  w h ic h  p re va i le d  fo r  much o f the  au tum n, 
w in te r  and e a r ly  s p r in g .  A s im i la r  pa tte rn  was shown in  each 
y e a r .  There w as  no s ig n i f ic a n t  d if fe re n ce  in  pH o f the f i r s t  5 
ewes be tw een th e ir  f i r s t  and repeat samples on the  same d a y .
Ta b le  9 : M ea n  U r in a ry  pH Values fo r  2 0 Ewes a t Pasture
over a 7 -Year Period : February 1962/janua.ry  1969
M ean  pH + S .D
January 5 .43 0.39
February 5 .6 4 0.49
M a rc h 5.81 + 0.82
A p r i l 6 .6 8 1 0.98
M a y 7 .52 "h 0.41
June 7 .42 0.73
Ju ly 7.11 + 0.75
August 6 .83 0 .68
September 6 .0 0 "t 0 .84
O ctobe r 6 .5 0 + 0.76
Novem ber 6 .12 + 0 .80
Decem ber 5 .7 8 0.58
F ig .  5 a ls o  shows the u r ina ry  po tass ium  co n c e n tra t io n  o f 
the  same sam p le s , to g e th e r  w i th  the u r in a ry  pH , based  on 
m on th ly  sam ples c o l le c te d  in  the years 1967 and 1968. The 
u r in a ry  po tass ium  is c lo s e ly  re la te d  to  the u r in a ry  p H . ( p <  0 .01)
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U r in a ry  C a lc iu m , M agnes ium  and In o rg a i i ic  Phosphate : 
Tab le  10 g ive s  the  f igu res  fo r  these  m inera ls  ove r a 3 -y e a r  
pe r io d  « A l l  va lu e s  w ere  lo w ,  rang ing  from 0 -1 4  mg% . There 
w as no apparen t seasona l in c id e n c e .
Tab le  10 ; C a lc iu m , Magnesium, and In o rg a n ic  Phosphate in 
U r in e  o f G raz ing  Sheep over Period Tanaary 1965 
to  Decem ber 1967 : U n its  are mg% : F ig i ires  are 
M ea n  V a lu e s .
1
~ ‘ —1
C a lc iu m M ag ne s iu m Inorg .Phosphate
1
1965 1966 1967 1965 1966 1967 1965 1966 1967
January 2 0.1 2 4 0.3 2 3 4 10 .5
February  ] 4 0 .3 2 4 3 1 4 2 3 .5
M a rc h  I 5 4 4 11 2 2 6 0 .5 0.1
A p r i l  1 2 6 6 5 9 2 0.7 0 .5 0.1
M a y 2 3 5 2 10 0.7 0 .5 0 .5 0.1
J une 5 0 .6 7 14 1 3 0 .5 0 .6 0.1
Ju ly  j 2 0 14 2 0 8 0 .3 0 0.3
A ugust 3 2 0 0 .5 0 .5 0 0 .5 0 .2 0
September 3 5 3 1 2 1 I 0.1 0 .2
O c to be r 3 3 4 4 3 7 0 .5 0 .5 0 .5
Novem ber 2 2 0.6 2 1 0 .9 2 1 .5 0 .6
Decem ber 5 1 0.5 1 1 1 .3 7 7 4 .4
U r in a ry  P ro te in ,  Ace t one and B i l i r u b in  : Tab le  11 g ive s  the
number o f cases in  w h ic h  the  in d iv id u a l  c o n s t i tu e n ts  w ere  found 
in  the  2 0 sam ples each month over a 3 -y e a r  pe riod  « Both 
p ro te in  and ace tone  were found presen t s p o ra d ic a l ly ,  w i th  a
te n d e n c y  fo r  more p o s i t iv e  cases In the more im m ed ia te  pre -  
and p o s t-p a itu m  months . B i l i ru b in u r ia  w as recorded  7 t im es 
in  the  680 s a m p le s , and is  the re fo re  ra re .
Tab le  11 : P ro te in  and Ace tone in  U r in e  : Num ber o f  P os it iv e  
Gases in 2 0 Sampled Ewes
Prote in Acetone
1965 1966 1967 1965 1966 1 1967
January 1 0 0 0 r V "i 0
February 0 1 1 9 ; 3 0
M a rc h 13 5 0 7 ; 6 0
A p r i l 4 8 0 1 : 3 0
M a y 1 11 0 0 1 0 1
June 2 1 2 0 • 0 1
Ju ly 4 0 0 0 : 0 0
August 0 0 0 0 I 0 0
September 1 0 0 1 ; 0 0
O ctobe r 5 0 2 0 0 0
Novem ber 2 1 0 0 0 0
D ecem ber 6 0 0 0 0 0
T o t a  1 39 27 5 18 2
(4) N o rm a l Housed M a le  Sheep. The a n a ly s is  o f the 
sheep feed w as as fo l lo w s  (resu lts  on D M ) in- Tab le  12 .
Tab le  12 : C o m p o s it io n  of Feed of 4 N orm al H oused M a le  
Sheep (% D ry  M a tte r )
C oncen tra te M eadow  N ay
C a lc iu m 0,8 4 0 .5 4
M ag ne s iu m 0.2 8 0 .22
Phosphorus 0.71 0 .31
Crude p ro te in 1 4 .2 0 8 .8 6
The m in e ra l in ta ke s  d a i ly  o f 700 g co n cen tra tes  and 1 5 0 0 g 
hay w ere  the re fo re  Ca 13 ,9  g; M g  4 ,2  g; P 9 .5  g .  These 
In takes  are w e l l  in  excess o f the  minimum recommended 
In take  (A g r ic u l tu ra l Research C o u n c i l ,  1965),
A n im a ls  a te  the  pre ferred food w e l l .  N e v e r th e le s s ,  the 
tups lo s t  some w e ig h t  (4-13 kg) over the  pe riod  o f 1 month in  
the  m e ta b o lic  c a g e s .  The va lu e s  fo r  plasma c a lc iu m ,  
magnesium and phosphorus rem ained th roughou t w i th in  the  
norm al range (Ca 1 0 .0 -1 1  ,3 mg%, M g  0 , 7 - 1 , 8  mg%, P 7 , 5 -  
9 ,7 m g% ).
F o r ty -e ig h t  u r ine  samples were exam ined fo r  pH . ' The 
mean and s tandard  d e v ia t io n  w as 8 .2  + 0 .3 .  The lov\/est 
va lu e s  were 6 .4 ,  6 .5  and 7 . 2 .  The rem a in ing  45 va lues  
w e re  In the  range 8 . 0 1 -8 .7  5.
The w a te r  in ta k e ,  u r ina ry  volum e and the  c o n c e n tra t io n  
and to ta l  d a i ly  u r in a ry  e xc re t io n  of c a lc iu m , magnesium and 
phosphorus is g iven  in  Tab le 13,
T ab le  13 ; W a te r  In ta k e ,  U r in a ry  Volume and M in e r a l  
E xc re t io n  o f 4 Norm al  M a le  B la c k fa c e  Sheep
Sheep Num ber
i
1 2 3
I
4 1
W a te r  In take  (ml) 24 07 2653 2761 2678
U r in e  vo lum e (ml) 725 652 851 681
U r in a ry  d a i ly  e x c re t io r  
(mg) : Phosphorus 21 + 3 87 + 15 102 + 12 — 1 9 + 4
: C a lc iu m 145 + 62 53 + 32 68 + 21 204 + 51
: M ag ne s iu m 330 + 79 273 + 52 306 + 78 258 + 36
U r in a ry  co n ce n tra t io n  
(mg%); Phosphorus 3 ,4 13.2 1 1 .9  ; 1 .3
; C a lc iu m 2 0 .0 8 .0 7 .9  i 3 0 ,0
: M ag ne s iu m 4 5 .5 4 1 .0 3 6 .0  1 4 2 .5i_
u u
On s ta t i s t i c a l  a n a ly s is  the  u r in a ly  phosphorus e xc re t io n  
o f tup  4 w as s ig n i f i c a n t ly  less  than the others ( p C fO r O l) .
There w as a ls o  a s ig n i f ic a n t  red uc tio n  in  tup  1 conripared v\7ith 
tups 2 and 3 ( p 0 . 02) .  P r in c ip a l ly  due to  w id e  d a i ly  
f lu c tu a t io n s ,  the  low urine  ca lc iu m  of tups  2 and 3 was 
s t a t i s t i c a l l y  in s ig n i f ic a n t ,
DISCUSSION
P re l im in a ry  pH e s t im a t io n s  on urine sam ples w ere  found 
to  c o n tra d ic t  many tex tbo ok  sta tem ents  o f u r ina ry  pH o f 
h e rb iv o re s ,  and in d ic a te d  a need fo r  the  subsequent e xa m in a tio n  
o f  the  sam p ling  tech n iq ue  and method o f p re se rva t io n  o f 
specim .ens. The s tudy  on methods o f p re se rva t io n  fo r  pH 
e s t im a t io n  showed d ram atic  d if fe re n ce s  depend ing on the  
pro longed exposure  o f the spec im en to  the a tm o sph e re .
Samples ob ta ined  b y  a tech n iq ue  v^hich is as fa r  as p o s s ib le  
a s e p t ic  and a n a e ro b ic ,  and ke p t in  sc re w - to p p e d  b o t t le s  
w i th o u t  an a i r  t ra p ,  and hav ing  a l iq u id  p a ra f f in  s e a l,  g ive  
re l ia b le  pH va lues  and show l i t t l e  change a f te r  periods up 
to  3 d a y s .  T he re fo re , lo n g -te rm  ( i . e .  24 hours) c o l le c t io n  
o f u r ine from an im a ls  (sheep) w hereby the f lu id  is  gathered
in  open v e s s e ls  p laced  under the  re s tra in e d  s u b je c t  in  a 
m e tabo lism  cage , appear u n l ik e ly  to  y ie ld  re l ia b le  re s u l ts .
The p re l im in a iy  re s u lts  o f pH e s t im a t io n s  showed that, 
a c id ic  urine  sam ples w ere  ve ry  f re q u e n t ly  ob ta ined  from 
s laugh te rhouse  m a te r ia l and from g raz ing  e w e s . The 
s la ugh te rhouse  sheep may w e l l  have exp e r ien ced  a s ta rv a t io n  
k e to s is  du ring  tra n sp o rt  and a f te r  a r r iv a l  in  the  la ira g e  w here 
the  food consum p tion  w o u ld  be expected  to  drop in 
unaccustom ed surround ings . A re d u c t io n  o f food in ta ke  w i l l  
lead to  p ro d u c t io n  o f more a c id  urine (C o rn e liu s  and Kaneko,
1963), No such e xp la n a tio n  can be found fo r  the  g ra z in g  
ewes w h ic h  had am ple food a v a i la b le , As o ther re s u lts  in  
th is  se c t io n  sh o w , g raz ing  ewes in th is  f lo c k  ra re ly  had 
k e to s is  as In d ica te d  by  ace tone in  u r in e ,  and the n  i t  was 
u s u a l ly  co n f in e d  to  the  w in te r  and sp r ing  months „
E x te n s ive  exa m in a tio n  o f u r ine  from g ra z in g  ewes showed 
th a t  the  re a c t io n  was m odera te ly  a c id  e xce p t in  a few summer 
m on ths . S ince the  sheep were m a in ta ined  in  reasonab le  
c o n d i t io n ,  re c e iv in g  p ro te in  sup p lem e n ta t io n  be fo re  la m b in g , 
and s in ce  no cases o f c l i n ic a l  pregnancy toxaem ia  vrere seen
(a c o n d i t io n  w h ic h  deve lops fo l lo w in g  undernourishm ent in  the 
p re -p a r i  urn pe riod  (Blood and H enderson , 1963)), the se  pH 
f in d in g s  must be cons ide red  to  re fe r  to  norm al su b je c ts  . A 
s im i la r  d is c re p a n cy  in  u r ina ry  pH has re c e n t ly  been reported 
b y  H je l le  (1969) w ho  found most N orw eg ian  sheep exc re ted  
a c id  u r in e ,
Though d ram atic  fa l ls  in  u r ina ry  pH have been reported  
soon a f te r  the  consum ption  o f concen tra tes  (S tacy and B rook,
1964) or hay (S tacy, 1969), the  form o f fe e d in g  adopted by  
g ra z in g  sheep re s u lts  in  a more con tinuous  in ta k e  o f  roughage 
u n l ik e ly  to  lead  to  in te rcom  pari m enta l s h i f ts  of w a te r  and 
sod ium  o
The s ig n i f ic a n t  (p < ;0 .0 1 )  c o r re la t io n  of u r in a ry  pH w i th  
u r in a ry  po tass ium  led  to  an e xa m in a tio n  o f the  po tass ium  
in ta k e ,  the  norm al requ irem ent o f v\?hich is  0 .3 -0 .5 %  o f the  
dry m atte r in ta ke  (T e l le ,  P res ton, K in tn e r  and P fander, 1964; 
C a m p b e ll and Roberts , 1965). M o s t  feeds meet th is  demand 
a d e q u a te ly  (M o rr is o n ,  1959) and s in ce  the herbage and 
con cen tra te  f ig u re s  in  th is  case were  abou t 1 .5% and 0 .3 9 -  
0 ,78% , the  su p p ly  is con s ide red  to  have been a d e q u a te .
y  i
The o rgan ic  a c id s  in  herbage are com bined w i th  p o ta ss iu m , 
and as o rgan ic  a c id s  are h ig h e s t  in  the  summer months 
(M a r t in ,  1969) i t  is reasonab le  to  p re d ic t  th a t  u r in a iy  pH 
w o u ld  be a lk a l in e  a t th is  t im e .  A ls o ,  the  summer herbage is  
o f b e t te r  q u a l i t y  and the g raz ing  period is  lo ng e r fo llov\/ing 
the  sho rte r  pe r iod  o f  darkness (T ribe , 1949; E ng land , 1954).
N e ith e r  the  sodium con ten t o f the  u r in e ,  nor the  n o n -  
p ro te in  n itro ge n  is l ia b le  to  have c o n tr ib u te d  s ig n i f i c a n t ly  to  
the  u r in a ry  p H .
C o n f irm a tio n  o f the p o s s ib le  b a s ic  re a c t io n  o f o v ine  urine  
w as ob ta ined  from these  same ewes w hen th e y  w ere  co n f in e d  
fo r  a fe e d in g  t r i a l  in  January 1969. The re a c t io n  was pH 
8 .2 2  + 0 .21  w h ic h  was s ig n i f i c a n t ly  d i f fe re n t  (p c:: « 001) from 
the  p rev ious  m onth, when the  sheep were outdoors (pH 5 .66  
+ 0 .2 4 ) ,  and any o ther w in te r  m onth. I t  appears the re fo re  
th a t bo th  the  d ie t  and en v iro nm e n ta l fa c to rs  p la y  a ro le  in  
the  d e te rm in a t io n  o f u r ina ry  pH .
Values fo r  norm al u r ina ry  m in e ra l e x c re t io n  In sheep are 
s c a n ty ,  bu t as seen in  Tab le  1 the  f ig u re s  in d ic a te  a low  
u r in a ry  e x c re t io n  of phosphorus in  the  norm al a n im a l,  and
are c o n f im ie d  in  the p resen t s tudy  in  resp ec t of B la ck face  
rams in d o o rs .  I t  appears th a t  in d iv id u a ls  may have an 
u n u s u a l ly  low  u r ina ry  phosphorus e x c re t io n .
The u r in a ry  ca lc iu m  e xc re t io n  f ig u re s ,  though  ve ry  
v a r ia b le ,  l i e  h ig h e r than those  in  the  recen t l i te ra tu re ,  and 
m ay 'be  re la te d  to  the h igh  c a lc iu m  in ta k e .  The ca lc iu m
in ta k e  w as h ig h e r  than  in  2 reports (Packe tt and Ha us c h i ld ,
1964; Robbins e1^  ad^ , 1965) and though the  phosphorus In take  
w as l ik e w is e  h ig h e r ,  the  Ca : P ra t io  was a ls o  h ig h ,  so 
p e rm it t in g  p o s s ib ly  a h ig h e r  a b so rp t io n  o f c a lc iu m ,  re f le c te d  
in  a h ig h e r  p lasma c a lc iu m  than in  the  P acke tt and H a u s c h ild  
s e r ie s .  U r in a ry  magnesium va lues  w ere  h ig h ly  v a r ia b le  as 
shown by  th e  h igh  s tandard  d e v ia t io n s  .
The va lu e s  ob ta ined  in  the g raz ing  ewes are now compared 
w i th  those  o f the  indoor sheep quoted in  the  l i te ra tu re .  I f  
th e  to ta l  d a i ly  u r ina ry  vo lum e is a r b i t r a r i ly  a sse sse d  to  be 
2 l i t r e s ,  then the  fo l lo w in g  f igu res  are the  t o ta l  d a i ly  u r in a ry  
e xc re t io n s  fo r  g ra z in g  ewes :
C a lc iu m  2 -  12 0 m g.
M ag ne s iu m  10 -  3 00 mg.
Phosphorus 2 - 1 4 0  mg.
These va lue s  correspond w e l l  w i th  the  f ig u re s  fo r , in d o o r  
sheep a lre a d y  recorded (Table 1 ).
U r in a ry  vo lum e in  male sheep l ie s  w e l l  w i th in  the  
expec ted  l im i t s ,  as based on the v e te r in a ry  l i te ra tu re ,  hav ing  
regard to  the  fa c t  th a t these  e xp e r im en ta l an im a ls  were mature 
and he avy  ra m s .
The presence o f p ro te in u r ia  con firm s the  o b se rva t io n  of 
S tewart (1929) and the  o r ig in  o f th is  m a te r ia l is  uncerta in  . 
S ince m idstream  sam ples were c o l le c te d ,  i t  is u n l ik e ly  to  
o r ig in a te  in  the  v a g in a .  The absence o f a c e l l  d e p o s it  
l i k e w is e  ru les  out le s io n s  such as acu te  c y s t i t i s  w here  b lood  
and e p i th e l ia l  c e l ls  w o u ld  have been e v id e n t in  u rine  sa m p le s . 
The q u a n t i ty  w as no rm a lly  s m a l l  ( <  30 mg%), and never 
exceeded 100 mg%, and is cons ide red  in s ig n i f ic a n t .
K e tonu ria  can c le a r ly  occu r in  c l i n i c a l l y  h e a lth y  fem a le  
sheep , and is not co n f in e d  to  the period  around the  t im e  o f 
p a r tu r i t io n .  I t  appears to  be tem porary s in c e  a t  some t im es  
o f  the  ye a r no cases were re p o rted . B i l i ru b in u r ia  is  g e n e ra l ly  
regarded as abnorm al (C o rne liu s  and Kaneko, 1963), and in 
the  absence  o f haem og lob inu r ia  may be due to  m ild  t ra n s ie n t
l i v e r  damage, perhaps a s s o c ia te d  w i th  fa s c io l ia s is  .
W i th  the  e x c e p t io n ,  th e re fo re ,  o f the  u r in a ry  pH , th is  
in v e s t ig a t io n  con firm ed  the f in d in g s  o f p rev ious w o rk e rs , 
and in  c o n c lu s io n  the  fo l lo w in g  f igu res  are presen ted  as the  
norm al range fo r  she ep :
pH 5 - 7 . 5  (grazing)
6 -  8 .5  ( indoors)
Ca C  1 '- 15 mg%; ve ry low  -- 200 mg per
M g c^l ■- 50 m.g%; ve ry low  '- 350 mg per
P <1 -- 15 mg%; ve ry low  *- 140 mg per
Prot 0  i n 00 m g %
Acetone O c c a s io n a l ly  presen t
H aem og lob in  Absent 
B i l i r u b  in  Norma 1 ly  ab s ent
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C . EXPERIMENTAL PRODUCTION OF UROLITHIASIS
(i ) P re li.m lnary Experim ent (Exp. P. -  2 0835)
The p re l im in a ry  experim en t w as des igned  to  de term ine 
w h e th e r  a s im p le ,  low  c a lc iu m , adequate phosphate  d ie t  was 
c a lc u lu s - p r o v o k in g , Th is  m in e ra l b a la n ce  w as s t im u la te d  b y  
the  fa c t  th a t  phosphate  c a lc u l i  appeared in  sheep fed a norm al 
or h ig h  phosphorus m ix tu re ,  and the  p ro po rt ion  o f  a f fe c te d  
an im a ls  w as g re a te r v\7hen the ca lc iu m  in ta ke  w as low  (Kunke l 
et a_l_. , 1961; Em erick and Embry, 1962; Bushman et a l . ,  
19 6 5 a ) /
M a te r ia l  and M e th o d s
S ix  m ale B la ck fa ce  lambs ( re f ,  20835 -2 0 8 4 0 )  aged 5 
m o n th s , w e ig h in g  2 0 k g ,  were g ive n  oat s traw  and meadow 
hay fo r  one month in d o o rs .  For 12 0 days th e y  w ere  then fed 
a m ix tu re  o f  50% f la ke d  m a ize , 45% bran and 5% b lo o d  m eal 
l i b .  A n a ly s is  on a d ry  m a tte r b a s is  w as 0 .021%  C a ,
0.545%  P, Ca : P ra t io . -  1 : 26.
The b u lk  p o r t io n  of the feed was oat s traw  (Ca -  0 .29% ,
P = 0 .27% ), w h ic h  was a ls o  used as b e d d in g ,  and v\?as fed to  
a p p e t i t e .
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Blood sam ples were  taken  at w e e k ly  In te rv a ls .  A n te r io r -  
p o s te r io r  rad iog raphs  o f the  fo re lim b s  w ere  ta ke n  a f te r  9 0 
d a ys ' fee d in g  to  de term ine w h e th e r  the an im a ls  w e re  r a c h i t ic .  
The 6 sheep w ere  s laugh te red  and exam ined po s t mortem a f te r  
120 days o f e xp e r im e n ta l fe e d in g .
Resu lts
The in ta ke s  o f the concen tra te  and o f s traw  are shown in  
Tab le  14 w i th  Ca and P co n su m p tio n .
Tab le  14 : E s tim a ted  D a i ly  C a lc iu m  and Phosphorus In ta ke
during  Period o f C oncen tra te  F e e d in g
C onsum ption  
(dry matter) % Ca % P
In take
Ca
In ta ke
C o nce n tra te  m ix tu re 600 g 0.021 0 .545 0 .1 2 3 .2 7
Oat s traw 2 00 g 0 .2 9 0.27 0 .58 0 ,5 4
T o t a l 800 g 0 .7 0 3 .8 1
N o c l i n i c a l  cases o f u ro l i th ia s is  were  seen du r ing  the feed ing  
pe r io d , nor were u r ina ry  c a lc u l i  recovered  a t s la u g h te r .  
H is to lo g ic a l  e xa m in a t io n  o f the k id n e ys  re ve a led  no a b n o rm a l i ty .
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FIG. 6. PLASMA MINERAL LEVELS ON CONCENTRATES AND STRAW DIET 
GIVING LOW CALCIUM INTAKE (EXPERIMENT P)
The va lu e s  fo r  p lasma c a lc iu m , magnesium and phosphorus 
are shown in  F ig .  6 . Plasma c a lc iu m  f e l l  s te a d i ly  from a 
mean v a lu e  o f 9 .7  mg% during  the  c o n tro l pe r iod  to  be tw een  
5 .5  and S .5 mg% a f te r  3 m on ths , a f te r  w h ic h  i t  in c reased  to  
9 .3 mg% .
Plasma In o rg a n ic  phosphate  rose from 7 .1 mg% in the c o n tro l  
period  to  11 .8  mg% a f te r  3 months and then f e l l  to  about 9 mg%.
Plasma magnesium assumed no p a r t ic u la r  p a t te rn .
D is c u s s io n
The feed in ta k e  in  th is  experim en t was g ro s s ly  d e f ic ie n t  in 
c a lc iu m ,  w h i le  phosphorus s a t is f ie d  re q u ire m e n ts , s in ce  the 
cu rre n t (1965) f igu res  fo r c a lc iu m  and phosphorus
requ irem en ts  fo r  the se  sheep are re s p e c t iv e ly  3 .1  g and 1 .6  g, 
c a lc u la te d  fo r  2 0 kg  and a d a i ly  w e ig h t  ga in  o f 100 g .  C a lc iu m  
in ta ke  w as the re fo re  about one quarte r o f the c a lc u la te d  
re q u ire m e n t.
The drop o f  p lasma ca lc iu m  suggests  a severe  d e f ic ie n c y  
and i t  m igh t have been expected th a t co n s id e ra b le  
d e m in e ra l is a t io n  of bone w o u ld  have occu rred , ye t c l i n i c a l  
and ra d io lo g ic a l  ev idence  o f r ic k e ts  w as a b s e n t.  S im i la r  
f in d in g s  o f the e f fe c ts  o f a low Ca d ie t  -  a fa i lu re  to  deve lop
r ic k e ts  on a I oviJ Ca ra t io n  -  have re c e n t ly  been reported by  
S u t t l e e t a L  (1968).
The unexpected  re s u lt  o f the absence o f any  u ro l i th  
fo rm a tio n  is  in  d ire c t  c o n tra s t  to  the e a r l ie r  f in d in g s  of 
K u nke l et aj_. (1961), Em erick and Embry (1962), and Bushman 
et^aj^. (1965a) w h o , feed ing  s l ig h t ly  less  Ca d e f ic ie n t  bu t 
adequate  P m ix tu re s ,  produced u ro l i th ia s is  in  a s ig n i f ic a n t  
p ro p o rt io n  o f sheep, compared w i th  co n tro ls  w h ic h  rece ive d  
an adequate  Ca in ta k e .  These re su lts  are more f u l l y  
d is c u s s e d  la te r .
( i i )  E xperim ent 1
Th is  e x p e r im e n t w as des igned  to  de te rm ine  w h e th e r an im a ls  
fed on roo ts  and a h igh  m in e ra l m ix tu re , w i th o u t  a gross In take  
o f  c o n c e n tra te s ,  w ere  l ia b le  to  deve lop  in to  c l i n i c a l  cases o f 
u r o l i t h ia s is .  S ince numbers w ere  d e l ib e ra te ly  l im ite d  in  th is  
p i lo t  e xp e r im en t, no co n tro ls  were used .
M a te r ia l  and M e th o d s
Ten h e a lth y  ca s tra te d  B la ck face  lambs aged 10 m onths, 
and w e ig h in g  about 2 3 kg ,w e re  ob ta ined  from a lo c a l  m arke t.  
The sheep w ere  fed meadow hay fo r 30 d a ys ,  and w ere  then
d iv id e d  in to  2 groups of 5 a n im a ls . For 130 days th e y  w ere  
g iv e n  sugar be e t (Group 1) or m angolds to  a p p e tite  (G roup 2 ), 
and a te  150 g (d ry m a tte r), w ith  w hea t s traw  (200 g dry m atter) 
and 450 g d a ily  o f a co n ce n tra te  ra tio n  s im ila r  to  th a t in  
p re lim in a ry  experim en t excep t fo r  the in c lu s io n  of steam ed 
bone f lo u r  10%. T h is  co n ce n tra te  m ix tu re  had a crude p ro te in  
co n te n t o f 13 .13 % .
A n a ly s is  o f th is  concen tra te  m ix tu re , w h e a t s traw  and 
roo ts  fo r Ca and P and c a lc u la te d  Ca ; P ra t io  w as as in  Tab le  15
Tab le  15 : D a i l y  In ta ke s  of C a lc iu m  and Phosphorus i n 
E xperim ent 1
C o nsu m ptio n  _/ , b V % Ca (d ry  m atter) % P
Ca : P 
R a tio
In ta ke
Ca
Cf
In ta ke
P
_g... . .
C o n ce n tra te s 450 g 2 .9 0 1 .7 6 1 .6 5 :1 1 3 .0 7 .8
W h e a t s traw 200 g 0 .2 0 0 .1 0 2 .0 0 :1 0 .4 0 .2
1 3 .4 8 .0
Sugar bee t 150 g 0.41 0 ,17 2 .41 :1 0 .6 0 .2
M a n g o ld s 150 g 0 .23 0.12 1 .9 1 :1 0 .3 0 .2
T o ta l in ta k e 800 g Sugar be e t group 1 4 .0 8 ,2
M a n g o ld s  group 13 ,7 8 .2
A n a ly s is  o f th e  co n ce n tra te  a ls o  showed the  fo llo w in g  
f ig u re s  ( D .M . )  : M g  0 .29% , K 0 .70% , N a C l 0 .0 2% .
A l l  sheep w ere  p laced  in  ro ta tio n  in to  m etabo lism  cages 
fo r  u rine  and faeces c o l le c t io n .  An in i t ia l  a c c lim a tis a t io n  
p e rio d  o f 10 days w as fo llo w e d  b y  2 c o l le c t io n  pe riods  o f 3 
days ea ch .
A nae rob ic  u rine  sam ples w ere taken  b y  b la d d e r punctu re  
a fte r  s la u g h te r and b a c te r io lo g ic a l,  pH and u r in a ry  m in e ra l 
e xa m in a tio n s  w ere  m ade .
R esu lts  ■
1 . In c id e n c e  o f U ro lith ia s is
The d a ily  in ta ke  o f ca lc iu m  and phosphorus (Table 15) was 
13 .7  1 4 .0  g Ca and 8 .2  g P, w itH a  Ca : P ra t io  o f about
lo 7  : 1. T h is  rep resen ts  over tw ic e  th e  c a lc u la te d  d a ily  
requ irem en ts  o f these  a n im a ls .
Two a n im a ls  d ied  o f o b s tru c tiv e  u rin a ry  u ro li th ia s is  (21890, 
21899) on the 52nd and 87th days o f co n ce n tra te  fe e d in g . One 
a n im a l w as des troyed  due to  u n th r if t in e s s , 4 days be fo re  the 
end o f the  e xp e rim e n t. W hen the  rem a in ing  7 a n im a ls  w ere  
k i l le d ,  4 co n ta in e d  re n a l c a lc u l i ,  as b e lo w  :
N u mb c r o f A n i m a ] s 10
Num ber w ith  C a lc u li  6
D is tr i.b u tio a  : B ila te ra l 4
: U n ila te ra l 2
N um ber o f C a lc u li*
S ize  o f C a lc u l i*
1
-H- 4
4- 1
n+n 2
4-4- 3
*  see d e f in it io n s  on p , 60 ,
2 . P lasm a beve ls  o f Ca Ic ium  , jX^agnesiiim and P hosp lio riis  
(EifLmZ)
T lie  p lasm a m in e ra l le v e ls  showed s ig n if ic a n t  changes in 
th is  experi.m ent. There w as a s ig n if ic c in t (p <■— .01) ri.se in  
phosphorus and m agnesium  a fte r  the  in tro d u c t io n  o f the  h igh  
m in e ra l le v e l co n ce n tra te  fo llo w e d  by a f a l l  and a secondary  
r is e  8 w e e ks  la te r ,  w ith  no s ig n if ic a n t  d iffe re n c e  be tw ee n  the  
2 g ro u p s . P lasma m agnesium  rose s lo w ly  th e re a fte r .  P lasma 
c a lc iu m  f e l l  s ig n if ic a n t ly  (p <  .01) on in tro d u c t io n  o f 
c o n c e n tra te s , b u t subsequent changes w ere  a p p ro x im a te ly  
p a ra lle l to  the  phosp lia te  va lu e s  , The o n ly  n o ta b le  d iffe re n c e
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be tw ee n  the  suga r bee t and m angold groups w as an in c re a se d  
te rm in a l p lasm a phosphorus in  the  la t te r  a n im a ls  . The 2 
o b s tru c te d  sheep showed no d iffe re n c e  du rin g  the  la s t 3 
p re -o b s tru c t iv e  w eeks  in  w h ic h  th e y  w ere  com pared w ith  n o n ­
o b s tru c te d  bu t o th e rw ise  s im ila r  sheep.
3 . U r in a ry  Phosphate E xcre tion  and U rin a ry  pH
A l l  sheep exce p t 21890 (w h ich  d ied  p rem atu re ly ) com p le ted  
2 pe riods  o f 3 days in  the m etabo lism  ca g e . The m ethod used 
gave te c h n ic a lly  s a t is fa c to ry  2 4 -h o u r u rine  sam ples a fte r  
in i t ia l  a c c lim a t is a t io n .
Tab le  16 g ive s  the  va lu e s  fo r the  c o n c e n tra tio n  and d a ily  
phosphorus exc re ted  by the in d iv id u a ls  exp ressed  as a mean
d
fig u re  o f the  2 pe riods  o f c o l le c t io n .  The d a ily  e x c re tio n  
ranged from  0 .7 6  to  6 .1 0  g P. (The f i r s t  o b s tru c te d  case  
(21890) w as no t recorded s in ce  i t  d ied  be fo re  the  sam p ling  
se rie s  com m enced).
T ab le  16 : C o n ce n tra tio n  (mg%) o f U r in a ry  Phosphorus and
and T o ta l D a ily  E xc re tio n  o f Phosphorus fo r 9 Lambs 
F igu res  are M ean fo r 3 D ays
mg% U rin a ry  Volume (ml) T o ta l U r in a ry  Phosphorus
. . . (g )  ........... .
G ro up 1 (Sugar Beet)
91 173 500 0 .8 6
92 170 450 0 .7 6
93* 182 570 1 .0 3
94 192 440 0 .8 4
Gro up 2 (M ango ld s )
95 143 1835 2 .62
96* 134 2250 3 .0 1
97* 185 1700 3 .1 4
98* 158 1200 1 .8 9
99 121 5043 6 .1 0
o b s tru c tiv e  u ro li th ia s is  
* c a lc u l i  p resen t a t s la u g h te r
The h ig h e s t u r in a ry  phosphorus e x c re tio n  w as in  the second 
o b s tru c te d  c a s e . The 3 lam bs w ith  the  lo w e s t u r in a ry  phosphorus 
e x c re tio n  w ere n e g a tive  fo r  c a lc u l i .  The mean d a ily  u rin a ry  
phosphorus e x c re tio n  was m arked ly  h ig h e r in  the  m angold fed 
group b u t th is  w as m a in ly  due to  a c o n s id e ra b ly  g re a te r u r in a ry  
vo lum e (p . 05). The u rin a ry  phosphorus c o n c e n tra tio n s  
show ed l i t t le  v a r ia t io n  from a n im a l to  a n im a l. The mean 
c o n c e n tra tio n  w as s l ig h t ly  bu t In s ig n if ic a n t ly  h ig h e r in  the 
sugar be e t g ro up .
Values fo r  u r in a ry  pH ta ke n  from an im a ls  In the  m e tabo lism  
cages ranged from 7 .5 to  9 ,0  in  sam ples from a 2 4 -h o u r 
c o l le c t io n  p e r io d .
The re s u lts  o f u rine  exa m in a tio n  a fte r  b la d d e r punctu re  are 
show n in  T ab le  17 and in d ic a te  in  m ost cases a low  u rin a ry  
phosphorus,com pared  w ith  va lue s  in  the  m e ta bo lism  ca g e . 
C a lc iu m  va lu e s  showed l i t t le  v a r ia t io n  w h ile  m agnesium  fig u re s  
w ere v e ry  v a r ia b le .  The u rin a ry  pH was a c id ic  in  a l l  cases a t 
s la u g h te r.
T ab le  17 ; U r in a ry  P hosphorus, C a lc iu m  and M agnes ium
C o n ce n tra tio n s  at S laugh te r (B ladder Puncture) in  mg%
Phosphorus C a lc iu m  M agnes ium
G roup 1 (Sugar Beet)
91 40 15 .2 2 4 .6
92 34 13 .7 18 .8
93 193 1 6 .7 6 6 .2
G roup 2 (M an go ld s )
95 8 .8 6 .3 2 .8
96 17 .6 11 .1 4 5 .7
97 114 1 7 .5 6 ,6
98 8 .8 8 .1 5 .8
4 . V\Aeight G a in  and C o n d it io n  a t S laugh te r
W e ig h t g a in  averaged about 5 00 g per w eek fo r  the f i r s t  h a lf  
o f the  expe rim en t and 750 g fo r the la te r  p e r io d . One a n im a l 
(21899) ga ined w e ig h t a t ty^ice th is  ra te  u n t i l  u r in a ry
o b s tru c tio n  d e ve lo p e d . A no the r a n im a l (21894) ve ry  s lo w ly  
lo s t w e ig h t fo r unknow n reasons w h ic h  w ere not c la r if ie d  a t 
pos t mortem e x a m in a tio n .
5 . Pa th o lo g ic a l E xa m ina tion  
(^ ) O b s tru c te d  Sheep
(i) 21890 : T h is  sheep showed sym ptom s o f acu te  u rin a ry  
o b s tru c tio n  on A p r il 22nd 1963 (day 52 o f co n ce n tra te  feed ing ) 
and w as d e s tro ye d . Post mortem e xa m in a tio n  w as perform ed 
a t on ce . The a n im a l w e ig h e d  4 0 .5  kg and w as in  good 
c o n d it io n .
G ross p a th o lo g y  showed th a t the b la d d e r w as rup tu red  fo r 
1 cm . a lon g  the  r ig h t a n te ro la te ra l s u rfa c e . There w as 
c o n g e s tio n  and haem orrhage over a v ;id e  area o f the  b la d d e r 
e p ith e liu m . N o c a lc u l i  w ere  found in  the b la d d e r. The 
abdom en co n ta in e d  1200 m l b lo o d -s ta in e d  u r in e . There was 
no s ig n  o f m a cro scop ic  p e r ito n it is  .
The k id n e y s  showed m ild  h yd ron ep h ro s is  and co n ta in e d  
numerous s m a ll w h ite  o r y e llo w  f la k y  c a lc u l i .  The s iz e  and 
w e ig h t o f th e  k id n e y s  w ere  :
I-
R igh t k id n e y  
L e ft k id n e y
D im ens ions (cm)
Length W id th Depth
7 ,5 5 ,0 3 ,5
8 ,0 5 ,0 4 .0
W e ig h t (g)
72
78
M a c ro s c o p ic a lly  the  k id n e ys  o th e iw is e  appeared n o rm a l.
The u re te rs  w ere  n o rm a l. The g Ians pen is  show ed g ross 
d is c o lo u ra t io n , w ith  deep co n g e s tio n  and s lo u g h in g  o f th e  
su rfa ce  e p ith e liu m . The verm ifo rm  appendage w as s t i f f  and 
w as b lo c k e d  a t 2 d is t in c t  p o in ts : fo r  a le n g th  o f 8 mm from  
th e  u re th ra  1 o r i f ic e  p ro x im a lly  and a ls o  o ve r 5 mm near the  
b a s e . The appendage w as rup tu red  be tw een  th e se  p o in ts  , 
W hen opened, the  u re th ra l lum en was s o l id ly  b lo c k e d  v^dth 
s m a ll c a lc u l i  and t is s u e  d e b ris  from  th e  g Ians p en is  ba ck  to  
th e  upper s e c tio n  o f the  s ig m o id  f le x u re ,
( i i)  21899 : Symptoms o f acu te  u rin a ry  o b s tru c tio n  w ere  
seen on M a y  28th 1963' (day 87) and th e  a n im a l w as des troyed  
and p o s t m ortem  e xa m in a tio n  was made a t o n c e . The b o d y -  
w e ig h t v\/as 50 k g . The ca rca ss  w as in  good c o n d it io n .
G ross p a th o lo g y  reve a le d  that th e  b la d d e r \vas in ta c t  and
and c o n tra c te d , c o n ta in in g  abou t 13 m l o f b lo o d -s ta in e d  u r in e . 
The b la d d e r m ucosa w as haem orrhag ic  ove r an area su rro un d ing  
th e  b la d d e r neck and th e  com m encem ent o f the  u re th ra .
Both k id n e y s  showed m arked changes o f h yd ro n e p h ro s is  ,
The le f t  k id n e y  was surrounded b y  a m a ss ive  su b ca p su la r 
haem atom a, w ith  a deeper la y e r o f g e la tin o u s  oedema d ire c t ly  
c o v e rin g  th e  c o r t ic a l s u r fa c e . S m all hard  w h ite  g r i t t y  c a lc u l i  
w e re  p re sen t in  th e  p e lv is  and c a ly c e s . M a n y  pa le  1 -  3 mm 
d ia m e te r le s io n s  w ere  sca tte re d  th ro ug hou t th e  c o r te x .  The 
r ig h t k id n e y  show ed sm a ll ca p s u la r haem orrhages bu t no 
c a lc u l i  w e re  re c o v e re d . The p e lv is  w as f i l le d  w ith  a g e la tin o u s  
m a te r ia l.  S im ila r  c o r t ic a l le s io n s  w ere  seen in  the  r ig h t k id n e y .
Both u re te rs  w ere  g ro s s ly  s w o lle n , oede inatous and 
co n g e s te d , w ith  an e x te rn a l d ia m e te r e xce e d in g  1 cm com pared 
w ith  a no rm a l va lu e  o f 3 mm.
The g Ians pen is  and appendage appeared no rm a l e x te rn a lly ,. 
C a lc u li  w e re  found in  th e  g Ia n s , im m e d ia te ly  d is ta l to  the  
o r ig in  o f th e  appendage , and In  the  upper pa rt o f th e  s ig m o id  
f le x u re .  These c a lc u l i  w ere  o f s im ila r  c h a ra c te r to  th e  re n a l 
c a lc u liu  The e n tire  u re th ra l mucosa w as c o n g e s te d , h a v in g  a 
deep red m o ttle d  appearance^ W hen the  b la d d e r w as squeezed
u rin e  c o u ld  be fo rce d  th rough  the  unopened ure th ra  w ith  g rea t 
d i f f ic u l t y .
(b) N o n -o b s tru c te d  Sheep
21981, 21892, 21895 : In  3 sheep no m a cro sco p ic  re n a l 
c a lc u l i  w ere  p re s e n t. The o n ly  m acro scop ic  a b n o rm a lity  v\?as 
a s l ig h t  hyperaem ia  a t the  c o rt ic o m e d u lla ry  ju n c t io n  o f one case
(21895),
21893, 21896, 21897, 2 1898 : In  4 sheep re n a l c a lc u l i  
w e re  p re se n t e xce p t fo r  the  occu rrence  o f hard  w h ite  sharp 
edged c a lc u l i  m easuring  0 ,5  -  4 m.m in  le n g th . In  one a n im a l
(21896) th e ir  c o lo u r w as y e llo w -o ra n g e  and s e m i- tra n s lu c e n t , 
The maximum s iz e  w as 4 mm x  3 mm,
H is to p a th o lo g y
(1) O b s tru c te d  Sheep : In  o b s truc ted  sheep (e .g .  21899), 
th e  k id n e y s  show ed marked fo c a l in fla m m a tio n  o f the  c o r t ic e s ,  
c h a ra c te ris e d  b y  areas o f m ixed w h ite  c e l l  re a c tio n  and tu b u la r 
d e s tru c t io n . Some tu b u le s  co n ta in e d  p o lym o rp h s . The le s io n  
w as spread th ro ug hou t the co rte x  b u t v\/as e s p e c ia l ly  p rom inen t 
benea th  the  c a p s u le . There was e x te n s iv e  tu b u la r  d i la ta t io n .  
P y e lit is  w as a ls o  seen , and a d ja ce n t c o l le c t in g  duc ts  con ta in ed
c e l lu la r  c a s ts .  The m edu lla  w as re la t iv e ly  n o rm a l. The 
u re te rs  show ed a few  sca tte re d  plasm a c e l ls  and lym p h o cy te s  
in  s m a ll groups in  th e  m u scu la ris  and an oedem atous re a c tio n  
w as o b v io u s . The b la d d e r showed sub e p ith e lia l haem orrhage 
and in fla m m a tio n . The u re th ra l changes w e re  v a r ia b le .  Some 
areas appeared norm al w h ile  o th e rs , e s p e c ia lly  d is ta l ly ,  
show ed gross e p ith e lia l and sub e p ith e lia l haem orrhage and 
e x te n s iv e  lo s s  o f the  s u p e r f ic ia l la ye rs  o f e p ith e liu m .
P a th o lo g ic a l d ia g n o s is  : u ro li th ia s is  w ith  p y e lo n e p h r it is .
(2) N o n -o b s tru c te d  Sheep : (i) W ith o ut  c a lc u l i  : W here  
no c a lc u l i  w e re  v is ib le  in  the  k id n e ys  no h is to lo g ic a l le s io n s  
w e re  p re sen t in  one a n im a l. A few  tu b u le s  co n ta in e d  a 
p ro te in - l ik e  p re c ip ita te .  Von Kossa s ta in in g  was n e g a tive  in  
a l l  3 c a s e s . One a n im a l (21891) showed p y e lo n e p h r it is  in  
th e  su b ca p su la r re g io n , w ith  in v a s io n  b y  po lym orphs and 
ly m p h o c y te s , and e x te n s iv e  ta b u la r  d e s tru c t io n . In  one 
in s ta n c e  a d e p o s it o f amorphous m a te r ia l and c e lls  w as p resen t 
in  a re n a l c a ly x  w ith  a w h ite  c e l l  re a c tio n  lo c a lis e d  around the  
c a ly x ,  w h ile  th e  rem a inde r o f the k id n e y  co n ta in e d  a few; s m a ll 
is o la te d  areas o f in te r s t i t ia l  m ononuc lea r re a c tio n  and a few
tu b u la r  c a s ts  (21892)
( i i)  W ith  c a lc u l i  : Those an im a ls  in  w h ic h  re n a l c a lc u l i  
were  found  a l l  show ed a d e p o s it o f am orphous h y a lin e  m a te ria l 
and w h ite  c e l ls  in  and around s e v e ra l c a ly c e s .  In  one 
in s ta n c e  (21898) a few  s im ila r  le s io n s  occu rred  in  the  c o r te x . 
An in tra tu b u la r  p ro te in - l ik e  p re c ip ita te  w as found  in  some 
lam bs , E a rly  fo c a l le s io n s  o f p y e lo n e p h r it is  w as seen in  the  
c o r te x , m edu lla  and p e lv ic  e p ith e liu m  in  one case  (21897),
D is c u s s io n
T h is  c o n ce n tra te  m ix tu re  is  fa ir ly  ty p ic a l o f th e  fe e d in g  
w h ic h  some tu p  lam bs in  S co tland  re c e iv e , in  so fa r  as the  
m in e ra l in ta k e  is  co n ce rn e d . Care w as ta ke n  th a t a no rm a l 
( i . e .  a p p ro x im a te ly  1%) le v e l o f sodium  c h lo r id e  w as in c lu d e d  
in  th e  m ix tu re ,
The o ccu rren ce  o f tw o  ty p ic a l cases o f o b s tru c tiv e  
■ u ro lith ia s is  in i t ia l l y  suggested  th a t the  typ e  o f fe e d in g  w as 
sa tis fa c to )ry  fo r  p ro d u c tio n  o f the  d is e a s e . L a te r, the  fa c t 
th a t re n a l c a lc u l i  w ere  co n fin e d  to  o n ly  h a lf  th e  s u rv iv in g  
a n im a ls  a f te r  4 m onths on e xp e rim e n ta l fe e d in g  in d ic a te d  th a t 
th is  m ix tu re  w as no t s u ita b le  fo r use on a w id e r  s c a le , as a 
c o n s is te n t e ffe c t w as no t o b ta in e d .
In te rp re ta t io n  o f the  b lo o d  m in e ra l changes is  d i f f ic u l t ,  
s in c e  m arked d e p re ss io n  o f p lasm a c a lc iu m  w as no t exp ec te d  
in  v ie w  o f the  no rm a l c a lc iu m  : phosphorus r a t io .  The la c k  
o f in d iv id u a l v a r ia t io n  in  th e  2 o b s tru c te d  sheep , in  re sp e c t 
o f in o rg a n ic  phospha te  in d ic a te s  th a t th e  u raem ic syndrom e 
m ust have  d e ve lop ed  ra p id ly ,  as phospha te  re te n t io n , and a 
ra is e d  p lasm a ph o sp h a te , is  c h a ra c te r is t ic  o f u ra e m ia . On 
th e  o th e r ha nd , th e  h ig h  u r in a iy  phosphate  e x c re tio n  o f the  
one sam p led  o b s tru c t iv e  case  (75% o f th e  in ta k e  w as e xc re te d  
in  u rine ) is  s u g g e s tiv e  o f a ra is e d  u rin a ry  e x c re tio n  o f th is  
e le m e n t, perhaps as a re s u lt  o f a p a r t ia l fa i lu re  in  tu b u la r  
re a b s o rp t io n .
In  a d d it io n ,  th e  e x c e s s iv e  u r in a ry  vo lum e o f one o b s tru c te d  
sheep su g g e s ts  a degree o f re n a l dam age, w h ic h  w as show n on 
p o s t mortem e x a m in a tio n  2 w eeks la te r .
A p a rt from  the  case  o f fa ta l o b s tru c t io n , a l l  o th e r sheep in  
th e  m ango ld  group had an in e x p lic a b ly  h ig h  u r in a ry  vo lum e 
com pared w ith  th e  sugar be e t g ro u p . The absence  o f severe  
re n a l le s io n s  ru le d  out the  chance th a t re n a l fu n c tio n  w as 
im pa iredo  M a n g o ld s  do no t have any d iu re t ic  a c t iv i t y ,  and 
th e  w a te r  in ta k e  from  th is  source  o f roo ts  w o u ld  no t a cco u n t
fo r  more th a n  a s m a ll fra c t io n  o f the  d iffe re n c e  be tw ee n  the
g ro u p s . N o ta b ly ,  the  la rg e r u r in a ry  vo lum e w;as no t a s s o c ia te d  
w ith  an y  more e f f ic ie n t  "w a s h in g  o u t" o f re n a l c a lc u l i .
The pH va lu e s  o f 2 4 -h o u r u rine  sam ples re f le c t  no rm a l 
f ig u re s  as quoted in  the  v e te r in a ry  l i te ra tu re ,  b u t th e  know n 
and re la t iv e ly  ra p id  change in  pH as a re s u lt  o f b a c te r ia l 
d e co m p o s itio n  makes th e  fig u re s  s u s p e c t, e s p e c ia l ly  as 
know n  a n a e ro b ic  sam ples ta ke n  a t pos t mortem, gave v e ry  
d if fe re n t v a lu e s , w h ic h  may in  tu rn  have been s u b je c t to  
d is to r t io n  as a re s u lt  o f th e  p re v io u s  24 hours s ta rv a tio n  o f 
th e  a n im a ls  .
P a th o lo g ic a l f in d in g s  in  th e  o b s tru c te d  sheep re ve a le d  
le s io n s  re se m b lin g  e a r ly  a cu te  p y e lo n e p h r it is ,  w h ic h  has been 
no ted  e lse w h e re  in  th is  w ork as an accom pan im en t o f some 
n a tu ra l cases o f u r o l i th ia s is .
T h is  exp e rim en t suggests  th a t the  rou te  o f in fe c t io n  to the  
k id n e y s  is  m ost l ik e ly  to  be haerna togenous, ra th e r than  
u ro ge no us , s in c e ,  f i r s t ly ,  the re  w as no a r t i f i c ia l  in te rfe re n c e  
w i t h  th e  u r in a ry  t ra c t  and s e c o n d ly , th e  cou rse  o f d ise a se  
w as so sh o rt as to  make th e  p e rio d  o f u r in a ry  s ta s is  
c o rre s p o n d in g ly  s h o r t.  U n fo rtu n a te ly  no b a c te r io lo g ic a l
s tu d y  o f the  re n a l le s io n s  w as m ade .
W e ig h t g a in  on th is  d ie t  w;as poo r, so th a t in  th is  re sp e c t 
th e  exp e rim e n t d id  no t reproduce the  ra p id  g ro w th  exp e rie n ce d  
in  n a tu ra l c o n d itio n s  . S ince the  p ro te in  c o n te n t w as 
re a so n ab le  (13 .13% ) and th e  co n ce n tra te s  proved p a la ta b le , 
th e  d raw back  m ay have been the  w h e a t s traw  com ponen t, b u t 
in ta k e  o f up to  2 0% o f the  ra tio n  in o th e r exp e rim en ts  (Elam 
^  a j^ ., 1956; L in d le y  et a r t  , 1953; E lani e t al__., 1957) have 
been no t o n ly  w e l l  to le ra te d  bu t have been th e  b a s is  o f the  
s o -c a lle d  "c a lc u lo g e n lc  m ix tu re s ."  The n e x t s to p  in  
e x p e rim e n ta l fe e d in g  w as th e re fo re  th e  a d o p tio n  o f a knowm 
"c a lc u lo g e n lc  m ix tu re . "
( i i i )  Ex pé rim en t 2
The exp e rim e n t in v o lv e d  use o f a ra t io n ,  com posed o f 
bee t p u lp , w h e a t s tra w , lin s e e d  m eal and g ra in ,  w ith  added 
p o ta ss iu m  and phosphorus know n to be c a lc u lo g e n lc  in  the  
U n ite d  S tates (Elam et a j.j,, 1956 ).
M a te r ia l  and M e th o d s
T h ir ty  B la c k fa c e  ram lam bs (1 8 1 9 9 /1 -3 0 ) , aged abou t 4, 
m on ths , w e ig h t 17-26 kg  w ere  pu rchased in  Ju ly  1961 from  a 
lo c a l h i l l  fa rm .
The sheep g razed  an o ld  perm anent pa s tu re  fo r  35, days and 
w e re  then  d iv id e d  a t random in to  3 groups o f 10 la m b s . Tw?o 
groups w e re  p la ce d  in  in d o o r pens (p re v io u s ly  d e sc rib e d ) w h ile  
th e  th ird  group ( I II)  rem a ined a t g ra s s . The in d o o r groups (I 
and I I )  w e re  fe d  re s p e c t iv e ly  m ix tu re s  B and A , d e ta ile d  b e lo w , 
fo r  5 0 d a y s .
The h e a v ie s t and lig h te s t  lam bs o f each group w ere  then  
s la u g h te re d  and h a lf  o f each in d o o r group w as tra n s fe rre d  to  
ou tdo o r g ra z in g  fo r  21 days w h ile  th e  re m a in in g  in d o o r lam bs 
c o n tin u e d  to  consum e m ix tu re  B . A fte r  21 d a y s , m ix tu re  C 
w;as fed  to  20 s u rv iv in g  la m b s , com posed of 8 lam bs from 
G roups I  and I I  and 4 lam bs from  Group I I I .  The re m a in in g  4 
lam bs s ta ye d  a t grass as c o n tro ls  and re c e iv e d  a hay 
sup p lem e n t d u rin g  the  f in a l  month (D e ce m b e r). A l l  a n im a ls  
w e re  s la u g h te re d  a fte r  a fu r th e r 5 0 d a ys*
C o m p o s itio n  o f d if fe re n t m ix tu re s  v jas  as fo llo w s  :
B a s ic  D ie t  (M ix tu re  A)
W h e a t s traw  24%
Beet pu lp  (w ith o u t m o lasses) 24% 
Cane sugar 4%
W hea t 14%
O ats 16%
L in se e d  m eal 18%
A n a ly s is  o f M ix tu re  .A
C rude p ro te in  
Ca
P
Ca : P ra t io  = 2 .7  : 1
M g
K
N a C l
%
1 3 .0
0 .92
0 .3 4
0 .1 4
0 .5 5
0 .5 0
M ix tu re  B w as com posed o f M ix tu re  A w ith  th e  a d d it io n  o f 
48 lb .  pe r to n  (or 2 .14% ) po tass iu m  a c id  phospha te  (K^PIPO ^).
The c o m p o s itio n  w as :
Ca
P
Ca : P ra t io  = 1 . 5 :  1
K
%
1 . 1 0
0 .72
0 .9 7
M ix tu re  C w as M ix tu re  A supp lem ented  w ith  96 lb .  pe r to n  
(4 .28% ) p o ta ss iu m  a c id  p h o sp ha te . A n a ly s is  w as ;
Ca
P
Ca : P ra t io  = 1 .0 5  : 1
K
%
1 .2 7
1.20
1 .3 9
The v ita m in  A supp lem ent w as fed  as s h a rk - l iv e r  o i l  
in c o rp o ra te d  in  an oa tm ea l c a rr ie r  and w as ch e cke d  fo r  v ita m in  
A po te n cy  a t m o n th ly  in te rv a ls .  These ra tio n s  w ere  g iv e n  ad_ 
b.b . as a d ry  p e lle te d  feed ( "p e n c ils "  o f 3 /8 th s  of an in c h
d ia m e te r) . N o hay w^as fe d .
W a te r and common s a lt  (as l i c k ,  93% N a C l) w e re  a v a i la b le .
In d o o r and ou tdoor sheep w ere  b o th  w e ig h e d  and b lo o d  
sam p led  a t in te iw a ls  o f 1 and 4 w eeks re s p e c t iv e ly .  E s tim a tio n s  
w ere  made o f p lasm a c a lc iu m , m.agnesium and p h o sp h o ru s .
A d d it io n a l p rocedures w ere  undertaken  as fo llo w s  :
(a) B lood  urea w as de te rm ined  3 tim e s  a t th e  s ta r t  o f 
c o n ce n tra te  fe e d in g  (2 0 sa m p le s ), a f te r  21 days o f 
co n ce n tra te  fe e d in g  (3 0 s a m p le s ), and a f te r  21 days 
c o n ce n tra te  fe e d in g  (6 s a m p le s ) .
(b) 2 4 -h o u r u rin e  and faeces  sam ples w e re  c o lle c te d  
from  lam bs in  m e ta bo lism  cages and the  m in e ra l 
le v e ls  in  u rin e  w^ere e s tim a te d . U rin e  pH w as 
a ls o  d e te rm in e d .
(c) A t s la u g h te r o f th e  f i r s t  6 la m b s , spec im ens o f 
m id s h a ft le f t  ra d iu s  and u lna w ere  ta ke n  fo r  c a lc iu m  
e s t im a t io n .
(d) A t s la u g h te r  o f the  re m a in in g  la m bs , a u rin e  sam ple 
w as c o lle c te d  b y  a s e p tic  b la d d e r p u n c tu re . U rin e  
pH and u rin e  phosphorus w ere  e s tim a te d  and a spun
±  JL ü  .
d e p o s it w as  exam ined fo r  the  ch a ra c te r o f any  
d e p o s it .  A fu r th e r sam ple  o f u rin e  w as sen t 
fo r  b a c te r io lo g ic a l exa m in a tio n  fo llo w in g  a e ro b ic
and a n a e ro b ic  c u ltu re
R esu lts
1 . O b s tru c tiv e  U ro lith ia s is  and the  O ccu rrence  o f C a lc u li
N o sym ptom s o f u r in a ry  o b s tru c tio n  w ere  show n b y  any 
lam bs th ro u g ho u t the  e xp e rim e n t. A u to psy  o f 6 lam bs a t the  
c o n c lu s io n  o f the  f i r s t  pa rt o f the  exp e rim en t (50 days) showed 
th e  p resence  o f re n a l c a lc u l i  in  2 la m bs , one from  each o f the
2 in d o o r p e n s . Lamb n o , 2 showed s e v e ra l hundred f in e  w h ite ,  
s e m i- tra n s p a re n t, sha rp -e dg ed  c a lc u l i  in  each k id n e y  w h ile  
Lamb n o , 19 had a s m a lle r  num ber o f s im ila r  c a lc u l i  c o n fin e d
to  the  p e lv is  o f th e  r ig h t k id n e y . S eve ra l c a ly c e s  w ere  in v o lv e d  
in  each da m b , T h e ir  form  w as c h a ra c te r is t ic  o f t r ip le  p h o sp h a te ,
Ü
B io c h e m ic a l a n a ly s is  re ve a le d  th a t th e  m ain ra d ic a ls  w ere  
phosp ho rus , m agnesium  and am m onium .
A u to p sy  o f 24 lam bs a fte r  121 days re ve a le d  re n a l c a lc u l i  
in  6 la m b s , a l l  o f w h ic h  had been rea red indo o rs  and fed  m ix tu re  
C (Table 1 8 ), A n a ly s is  o f c a lc u l i  re ve a le d  th a t th e y  w ere  
p h o sp h a te , and m ic ro s c o p ic  e xa m in a tio n  show ed ty p ic a l t r ip le
phospha te  c ry s ta ls  ag a in
T a b le  18 : C a lc u la te d  D a ily  I n ta k es o f C a lc iu m  and Phosphorus 
and In c id e n c e  o f Renal C a lc u li*  in  Lambs a t S la u g h te r
M ix tu re  B M ix tu re  A M ix tu re  C C o n tro ls
Ca (g)
P (g) 2.8
A fte r  50 days 1 /2
A fte r  121 days
9 ,0
5 .9
1 /2
1 7 ,7
1 6 ,8
6 /2  0
0 /2
0 /4
*  C o m p o s itio n  in  5 cases m agnesium  am m onium  p h o sp h a te , 
in  3 cases am orphous.
2 . W e ig h t G a in  and Food C onsum pt io n
There w as no u n th r if t in e s s  in  th o se  lam bs in  w h ic h  c a lc u l i  
w e re  fo u n d , as con firm ed  on liv e w e ig h t re c o rd s . The mean 
w e ig h ts  and s tanda rd  d e v ia tio n  o f 6 lam bs w ith  re n a l c a lc u l i  
b e fo re  s la u g h te r w as 4 0 ,5  + 3 ,9  k g , th a t o f 14 lam bs on the  
same m ix tu re , b u t sho w ing  no le s io n , v\7as 3 8 .3  + 4 ,2  k g .
In  th e  f i r s t  50 d a y s , iam bs on m ix tu re s  A and B consum ed 
e q u a l q u a n t it ie s  o f fo o d . D u rin g  th e  f i r s t  m onth indoo rs  
( l iv e w e ig h t 27 kg) th e  average d ry  food in ta k e  w as 82 0 g . 
D u rin g  th e  second pad: o f the  experim ent the  f ig u re  rose  to  
abou t 1400 g a t 36 k g .  M ean w a te r  in ta k e  in  the  la s t  month 
w as abou t 2 ,2  l i t r e s  d a ily  per h e a d , Vv^eight g a in s  w ere  more
s a t is fa c to ry  in  th e  f i r s t  pa rt o f th e  exp e rim e n t tha n  when lam bs 
w e re  consum ing  m ix tu re  C , No d ig e s tiv e  d is tu rb a n c e  
occu rred  d u rin g  th e  exp e rim en t and a l l  lam bs a te  th e  p ro ffe re d  
m ix tu re s  re a d i ly .
C a lc u la t io n  o f ca lc iu m  and phosphorus in ta k e s  on above 
co n su m p tio n  is  show n in  T ab le  18 .
In ta k e  o f m agnesium  w as abou t 1 .9 6  g d a ily  in  a l l  she e p ,
3 , P a th o lo g ic a l E xa m ina tion
No c a lc u l i  w e re  found  in  any organ o th e r tha n  k id n e y s , 
a l l  o f w h ic h  w ere  ra th e r w e t.
The k id n e y s  c o n ta in in g  c a lc u l i  v a r ie d  in  w e ig h t from  45 to  
110 g , w h ic h  is  w ith in  the  w e ig h t range o f the  no rm a l k id n e y s  
45 -  135 g . K id n e y  s iz e  w as re la te d  to  b o d y w e ig h t,
One c a lc u lu s -c o n ta in in g  k id n e y  (n o . 4) show ed m ild  
h y d ro n e p h ro s is , and th is  a n im a l w as one o f 2 sheep to  have 
a u re te r ic  a b n o rm a lity . The le f t  u re te r w as s w o lle n  and 
oedem atous ove r a d is ta n c e  o f 2 cm com m encing 6 cm from  the  
re n a l h i lus . The u re te r ic  d ia m e te r w as 5 mm (norm al abou t 
3 m m ). H is to lo g ic a l e x a m in a tio n  co n firm e d  oedema and a 
m ild  s u p e r f ic ia l In fla m m a to ry  re a c t io n . The second u re te r ic  
le s io n  (lam b n o . 23 ), a ls o  in  a re n a l c a lc u lu s -p o s it iv e  lam b ,
show ed s im ila r  oedema ove r a d is ta n c e  o f 7 cm o f th e  p ro x im a l 
p o rtio n  o f each u re te r* These 2 cases c o n ta in e d  b y  fa r  the  
la rg e s t num ber o f c a lc u l i .  The b lad de rs  and u re th rae  o f bo th  
a n im a ls  c o n ta in e d  no c a lc u l i .
M ic ro s c o p ic  le s io n s  w ere  co n fin e d  to  th e  k id n e y s  and
u re te rs
Some re n a l s e c tio n s  in  w h ic h  c a lc u l i  w e re  found  show ed a 
m ild  in te r s t i t ia l  n e p h r it is ,  bu t th is  le s io n  w as no t co n s id e re d  
s ig n if ic a n t ,  s in ce  s im ila r  le s io n s  w ere  no ted  in  se c tio n s  from  
c o n tro l lam bs *
E o s in o p h il ic -s ta in in g  m a te r ia l w as fre q u e n tly  observed  in  
th e  c o l le c t in g  tu b u le s  o f u ro l i th ia s is -a f fe c te d  s e c t io n s .  On 
s ta in in g  w ith  Von K o ssa , th is  m a te r ia l appeared b la c k  and 
rese m b led  th e  m ic ro c a lc u li d e sc rib e d  b y  C o rn e liu s  ^  a r t  (1958) 
H ig h -p o w e r  e xa m in a tio n  o f c o l le c t in g  tu b u le s  show ed th e  
p resence  o f s im ila r ,  th o u g h t to  be Ca -  o r P -  c o n ta in in g , 
m a te r ia l w ith in  th e  c e l ls  o f the  l in in g  e p ith e liu m *  O th e r 
s e c tio n s  show ed the se  c e lls  c a s t,  shed o ff  in to  the  lum en o f 
th e  c o l le c t in g  tu b u le s , from  v^/hich th e y  a p p a re n tly  proceeded
to  th e  p e lv is  as a mass o f c e l lu la r  d e b ris  and m in e ra l s a lt
4 c B a c te r io log ic a l E xa m ina tion
In  e ve ry  c a s e , c u ltu re  o f u rin e  sam ples a t s la u g h te r show ed 
a p ro fuse  g ro w th  o f a v a r ie ty  o f o rgan ism s (T ab le  19 ), none o f 
re c o g n is a b le  p a th o lo g ic a l s ig n if ic a n c e . These o rgan ism s w ere  
p ro b a b ly  a l l  con tam in an ts  . The d ip h th e ro id s  w e re  show n n o t 
to  be C o ryn e b a c te riu m  re n a le . A s im ila r  range o f o rgan ism s 
w as recove re d  from  re n a l sw abs o f the  f i r s t  6 s la u g h te re d  lam bs
T ab le  19 : V a rie ty  o f O rgan ism s recovered  from  K id ne y  and 
B la d d e r o f Lambs (2 Exam p les  on ly )
Lamb N o . 1
B ladde r
K id n e y
N o n -h a e m o ly tic  s tre p to co ccu s  
C oagu la  s e -n e g a tiv e  s ta p h y lo c o c c u s  
Sarcina 
M ic ro c o c c i
ÿ. “ ha e m o ly tic  s tre p to c o c c i 
D ip h th e ro id s
(A “ h a e m o ly tic  m ic ro co ccu s  
G ra m -n e g a tive  c o c c i
Lamb N o . 4
B la dd e r
K id n e y
C oagu la  s e -n e g a tiv e  s ta p h y lo c o c c i 
M ic ro c o c c i 
B * c o l i
' D ip h th e ro id
la rg e  g ra m -n e g a tiv e  coccu s
Very p le o m o rp h ic  g ra m -n e g a tiv e  b a c il lu s
B c c o l i
O th e r o rgan ism s in c lu d e d  S taph , c i t  re u s ; Sta p h , a lb us; 
P a raco lon  b a c il lu s ;  S tap h . s a p ro p h y tic  us .
5 . B io c h e m is try
(a) B lood U re a , C re a tin in e , Na and K : A fte r  1 m onth on 
m ix tu re s  A and B, th e  b lo o d  urea fig u re s  w e re  w ith in  th e  norm a l 
range (26 -6 9  mg%) * ’
M Ix tu re  B 4 2 ,1  + 8 ,6  mg%
M ix tu re  A 4 1 * 9 +  9 .2  mg%
C o n tro ls  (g rass) 5 1 . 0  y 12 .3  mg%
A t s la u g h te r o f th e  f i r s t  6 ia m b s , b lo o d  urea w as a g a in  
e s tim a te d , to g e th e r w ith  c re a t in in e , Na and K le v e ls .  No 
s ig n if ic a n t  v a r ia t io n s  w ere  found be tw een  th e  la m b s , even as 
regards po ta ss iu m  in  th o se  re c e iv in g  2 .14%  K^BIPO^ supp lem ent 
(Tab le  2 0 ).
T ab le  2 0 : P lasma Sodium , P o tassium  and C re a tin in e  in  6 Lambs 
a t S laug h te r
Na K C re a tin in e
m e q /L m e q /L mg%
Lamb N o . 1) g 154 6 .2 1 .0
151 5 .6 0 .8
154 5 .8 0 .76
1 .1
Lamb N o .22) _  ^ .C o n tro ls 163151
6 .2
5 .4
] „ 2 
0 .8
(b) P, M g  and Ca Leve ls  : The d e te c tio n  o f any p o s s ib le  
c r i t ic a l  le v e l o f b lo o d  m in e ra l c o n s titu e n ts  and the  re la t io n s h ip
to  c l in ic a l  u ro li th ia s is  co u ld  no t be de te rm ined  in  th e  absence , 
o f o b s tru c tiv e  c a s e s ,  b u t va lu e s  on th e  d if fe re n t m ix tu re s  
showled some v a r ia t io n s  «(Fig. 7A),
W ith in  one w eek o f s ta r t in g  m ix tu re  B, th e re  w as a m arked 
r is e  In  p lasm a phosphorus fo llov\;ed by  a ra p id  f a l l .  L a te r, a 
second r is e  p e rs is te d  to  g iv e  h ig h e r than  no rm a l va lu e s  fo r the  
re m a in in g  fe e d in g  p e r io d . La mb s^ on m ix tu re  A dem onstra ted  
a s lo w  r is e  in  plasm a phosphorus and a lm o s t reached th e  le v e l 
o f th o se  lam bs on m ix tu re  B* C o n tro l lam bs a t pa s tu re  showed 
a s lo w  f a l l  b u t v a lu e s  rem ained w ith in  th e  no rm a l ra n g e .
Plasma Ca fig u re s  show ed l i t t le  va ria tion  th ro u g h o u t the  
e xp e rim en t w ith  no apparen t d e p re ss io n  dem onstrab le  in. lam bs 
on th e  h ig h  P in ta k e  (m ix tu re  C) *
The p lasm a M g  le v e l show ed c o n s id e ra b le  v a r ia t io n s  d u rin g  
th e  experim .ent in  a l l  g ro u p s , q u ite  u n re la te d  to  the  typ e  of
fe e d in g  : mg%
M ix tu re  A Range 2*2 - 3 . 4
M ix tu re  B " 1 ,9  -  3 .8
M ix tu re  C " 1*0  - 3 , 9
C o n tro ls  " 1 .8  - 2 , 9
(c) U r in a ry  pH and U rin a ry  Phosphorus ; The mean 
u r in a ry  pH o f m ix tu re  B lam bs a fte r  2 - 6  w eeks indoors  
co n ce n tra te  fe e d in g  was 8*5 + 0 . 9 ,  and th e  co rre spo nd in g  
f ig u re  fo r  m ix tu re  A was 8 .4  + 0 . 4 *  The d iffe re n c e  is  
in s ig n if ic a n t .
Lambs on m ix tu re  B excre ted  more u r in a ry  phosphorus 
than  tho se  on m ix tu re  A, and bo th  groups e xc re te d  more than  
th e  c o n tro ls .  There w as l i t t le  in c rea se  in  phosphorus 
co n c e n tra tio n  on m ix tu re  C com pared w ith  B, bu t the  d a ily  
u rin e  vo lum e w as inc rea sed * S ince th e se  o b se rva tio n s  re la te  
to  s in g le  random sam ples from d iffe re n t lam bs each d a y , no 
s ta t is t ic a l  s ig n if ic a n c e  can be a tta ch e d  to  th e  re s u lts .
(d) S k e le ta l Ca : The re s u lts  o f the  pe rcen tage  ash and 
percen tage Ca in  bone ash in d ic a te d  no loss  o f ca lc iu m  from 
s k e le ta l rese rves du ring  th e  f i r s t  part o f the  experim .ent*
S im ila r  specim ens take n  from 4 c o n tro ls  and 8 lam bs on 
m ix tu re  C a t th e  end of 121 days aga in  show ed no ev ide nce  
o f lo ss  o f bone c a lc iu m *
Na
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A e p  /  5uj d A ü W N i y n
D is c u s s io n
A n o tab le  advance  in  the  s tu d y  o f rum ina n t u ro li th ia s is  w as 
made in  the  deve lopm en t o f a u ro lith ia s is -p ro v o k in g  d ie t (E lam , 
Ham and S ch ne ide r, 1956) com posed o f bee t p u lp , w h ea t s tra w , 
lin s e e d  m ea l and g ra in  w ith  added po tass iu m  and phosphorus 
and Vv?hlch has been the  b a s is  o f se ve ra l expe rim en ts  (Tayson 
a D , 1951; Elam e t 1957; C o rn e liu s  e t a H , 1959; Elam 
^  a jL  , 1959; T ayson , 1961) ,
On a ra tio n  w ith  the same in g re d ie n ts  as m ix tu re  B o f the 
p re sen t e xp e rim e n t, o ther w o rke rs  (Elam ^  aJU, 1956) have 
recorded  th a t 4 ou t o f 5 lam bs becam e a ffe c te d  w ith  u ro l i th ia s is .  
N in e te e n  ou t o f 2 0 lam bs on ra tio n s  c o n ta in in g  added 
p h osp ho rus , po tass ium  and bee t p u lp  deve loped  u rin a ry  c a lc u l i .  
The a ffe c te d  lam bs u s u a lly  showed c l in ic a l  sym p tom s.
The d ie t in  the  p resen t experim en t d iffe re d  o n ly  v e ry  s l ig h t ly  
from  th a t o f the  A m erican w o rk e rs , Elam e^ ad , (1956) in  ha v in g  
a s l ig h t ly  h ig h e r v ita m in  A c o n te n t. The A m erican  v ita m in  
le v e l w as co n s id e re d  adequate to  a v o id  a v ita m in o s is  A , In  
the  A m erican  v\7ork, w e thers  w e ig h in g  abou t 35 kg  (76 lb ) w e re  
used w h ile  in  the  presen t in v e s t ig a t io n  u n ca s tra te d  sheep w ere
p re fe rre d . W hen pu t on the  e xp e rim e n ta l d ie ts ,  th e  rams in  
th is  exp e rim en t averaged 25 k g .  In  th e  A m erican  exp e rim en t 
the  w e th e rs  w e ig h e d  45 k g .
The v a lu e  o f u s in g  ram lam bs la y  in  th e  c lo s e r  re a lis a t io n  
o f p ra c t ic a l c o n d itio n s  as expe rienced  in  B r ita in  and the  
p o s s ib i l i ty  o f te s t in g  fo r  s e rv ice  c a p a b il it ie s  fo llo w in g  
o p e ra tio n  fo r  the r e l ie f  o f u ro l i th ia s is .
No re fe re nce  has been found to  any d iffe re n c e  in  u re th ra l 
d iam e te rs  o f c a s tra te d  and uncas tra te d  ram la m b s , M a rs h a ll 
and 8 a ffo rd  (1957) showed th a t in  c a lv e s  th e re  was a s l ig h t ly  
g re a te r d ia m e te r in  the b u l l  c a l f  than  in  the  c a s tra te d  s te e r 
and suggested  th a t de ferred c a s tra tio n  m.ight lead to  a low ered 
in c id e n c e  o f u ro l i th ia s is .  In  the  p resen t ram in v e s t ig a t io n  
any  in c re a se  in  u re th ra l d iam e te r as com pared w ith  th a t o f 
ca s tra te d  lam bs is  l ik e ly  to  be com pensated b y  the  g re a te r 
m a tu rity  and p resum ab ly  g re a te r u re th ra l deve lopm en t o f the  
lam bs used by  Elam et (1956) ,
C om parison  o f the  d ie ts  on c h e m ic a l a n a ly s is  reve a le d  
th a t the  ca lc iu m  co n te n t o f th e  B r it is h  b a s ic  ra t io n  w as about 
tw ic e  as h igh  as the  co rrespond ing  W a sh in g to n  ration (th a t o f
lo t  9) (ElciLTi^ 1961 ). The phosphorus co n te n ts  agreed 
fa vo u ra b ly ^  Elam cons id e red  m ix tu re  B to  be c a lc u lu s -  
p ro v o k in g , assum ing  th a t the  h igh  ca lc iu m  co n te n t d id  not 
tend  to  p reven t c a lc u lu s  fo rm a tio n^  in  w h ic h  case  m ix tu re  C 
w as l ik e ly  to  be s u c c e s s fu l.  The Ca : P ra t io  o f the  
W a sh in g to n  m ix tu re s  w h ich  w ere h ig h ly  co n d u c ive  to  c a lc u l i  
fo rm a tio n  w as u s u a lly  abou t 1 : 1 *7 , w h ic h  is  fa r  d iffe re n t 
from  the 1 , 5 : 1  and 1 <,05 : 1 in  m ix tu re s  B and C , T h is  is  
the  o n ly  m arked v a r ia t io n  in  the n u tr it io n  o f the  e xp e rim e n ta l 
a n im a ls .  H o u s in g  and management w ere s im ila r  in  bo th  
experim en ts  , One co u ld  p o s s ib ly  query  w h e th e r th e  le ng th  
o f e xp e rim e n ta l p e r io d , 1 2 1  d a ys , was s u f f ic ie n t  to  enab le  
c a lc u lu s  fo rm a tio n  to  ta ke  p la c e , b u t in  s im ila r  sheep 
experim en ts  (Tayson et a T ,, 1951; E la m e ^ a J ^ ,, 1957) c a lc u lu s  
fo rm a tio n  w as reported  in  tim e s  v a ry in g  from  25 to  33 d a y s . I t  
is  suggested  th a t the  Ca ; P ra t io  is  p ro b a b ly  o f g re a te r 
im portance  than  h ith e r to  im ag ined  w hen th is  typ e  o f d ie t is  
e m p lo ye d . S ince th is  experim en t was perform ed i t  has been 
dem onstra ted  th a t m odera te ly  h igh  Ca le v e ls  tend  to  reduce 
th e  c a lc u lo g e n ic ity  o f a h igh  P m ix tu re  (Bushman at 1965a;
Bushm an, 1968 ), A ls o , th e  same "c a lc u lo g e n ic "  m ix tu re -w h ich
proved d is a p p o in tin g  in  th is  experim en t has a lso -p ro ve d  n o n - 
c a lc u lo g e n ic  in  o th e r-pa rts  o f the U n ite d  S tates (Reynolds and 
L in d a h l,  1968 ).
O f o th e r in fo rm a tio n  ob ta ined  in  th is  exp e rim en t the  fo rm , 
b u t not the  s iz e  or q u a n t ity ,  o f the  re n a l c a lc u l i  appears to  
resem ble  th a t o f the  Am erican w orkers  (L in d le y  eJ^a lj,, 1953; 
Elam et al_p, 1956), W h ile  m ic ro c a lc u li (C o rn e liu s , 1963) w ere 
observed in  th e  k id n e ys  o f se ve ra l la m b s , th e  spun u rin a ry  
d e p o s it o f lam bs sam pled du rin g  the  expe rim en t or a t e ve n tu a l 
a u to p sy  fa ile d  in v a r ia b ly  to  show s im ila r  m ic ro c a lc u li .  
B io c h e m ic a l a n a ly s is  showed th a t the  c a lc u l i  w ere  com posed 
p r in c ip a l ly  o f m agnesium  ammonium ph ospha te , and th is  
agrees w ith  the  f in d in g s  o f Elam et aU  (1956) .
The w e t,  f la b b y  nature  o f the k id n e y s , in  th e  absence  o f 
d i la ta t io n ,  is  not su g g e s tive  o f hyd ronephros is  and w as a 
f in d in g  in  a l l  a n im a ls . Subsequent s tud y  in v o lv in g  lig a t io n  
o f the  p e n ile  t ip  o f norm al lambs be fo re  s la u g h te r (pe rson a l 
ob se rva tio n ) has reproduced th is  typ e  o f ap pe a ra nce .
(ÎA/j E xperim en t 3
The nex t experim en t w as des igned to  de te rm ine  the  e ffe c t 
o f q u a n tita t iv e  v a r ia t io n s  in  the  d a ily  In take  o f con ce n tra te s  
and roo ts  on the  p ro du c tio n  o f u rina ry  c a lc u l i  in  she ep . In  
a d d it io n ,  th e  re la t io n s h ip  o f the  w e ig h t and w e ig h t ga in  o f 
the  lam bs to  occu rrence  o f re n a l c a lc u l i  w as s tu d ie d * The 
q u a n tity  o f u r in a ry  sed im ent excre ted  b y  lam bs in  the  m etabo lism  
cage w as s tu d ie d  In re la t io n  to  the  urina iry phosphorus 
c o n c e n tra t io n , s in ce  th is  sandy m a te ria l has been a s s o c ia te d  
w ith  urinar-y b lo cka g e  in  S co ttish  sheep (N a irn , 1939),
M a te r ia l and M e th o d s
F o r ty - tw o  B la ck fa ce  w e th e r lam bs (23988 /1  ™42), aged about 
5 m on ths , w e ig h t 20 -26  k g ,  w ere  bought from a h i l l  farm * These 
a n im a ls  had never been ho use d .
H o u s in g  and g e ne ra l management w ere  as in  p rev ious  
experim en ts  e xce p t as b e lo w , A c o n tro l pe riod  o f hay fe e d in g  
co n tin u e d  fo r  one month be fo re  co n ce n tra te s  and roo ts  w ere g iv e n . 
C lo s t r id ia l v a c c in e  (Pulpy K idney) and an a n th e lm in tic  
(P ro m in tic , 1 *0  « I j  w ere  In je c te d  tv ;ic e  in  th e  f i r s t  month 
fo llo v ; in g  h o u s in g * V itam ins A and (P a re n tro v ite , C rookes)
w e re  in je c te d  a t m on th ly  in te rv a ls  th ro ug hou t the  e x p e rim e n t.
The sheep w e re  d iv id e d  in to  s ix  groups o ccu p y in g  th ree  
penS f each o f w h ic h  was suis d iv id e d  in to  tw o  h a lve s  w ith  
common acce ss  to  o p p o s ite  s ides  o f a hay r a c k , The s ix  
groups rep resen ted  a 2 x  3 fa c to r ia l sys te m , w ith  th re e  le v e ls  
o f co n ce n tra te  fe e d in g  and tw o  le v e ls  o f ro o ts .
The s ix  groups w ere  enum erated as fo llo w s  :
Low c o n c e n tra te , low  roo ts  (LCLR) G roup 1
Low c o n c e n tra te , h igh  roo ts  (LGHR) G roup 2
M ed iu m  c o n c e n tra te , low  roo ts  (MCLR) G roup 3
M ed ium  c o n c e n tra te , h ig h  roo ts  (MOHR) G roup 4
H ig h  c o n c e n tra te , low  roo ts  (HGLR) G roup 5
H ig h  c o n c e n tra te , h igh  roo ts  (HCHR) G roup 6
The term s lo w , medium and h igh  co n ce n tra te s  denoted 
300 g , 600 g and 900 g per day; tu rn ip s  (c le an ed  and chopped) 
w ere  fed  a t 500 g and 1000 g per day* T im o th y  hay w as fed  to  
a p p e tite *  W a te r was a lw a ys  a v a i la b le ,
The co n ce n tra te  m ix tu re  w as prepared (B r it is h  O il  and Gake 
M i l l s ,  Renfrew) in  3 /1 6 "  p e lle ts  and c o n s is te d  o f lin s e e d  cake  
(20% ), oats (30% ), m aize m eal (30%) and f la k e d  beans (2 0%) * 
T h is  m ix tu re  w as se le c te d  p r im a r ily  fo r  p a la ta b i l i t y  *
W e ig h in g  and b loo d  sam p ling  procedures w ere  perform ed
e ve ry  2 w eeks as in  p rev ious  exp e rim e n ts * B lood urea w as 
a ls o  de te rm ined  on 3 o cca s io n s ; du rin g  c o n tro l p e rio d  and on 
days 94 and 108 o f co n ce n tra te  fe e d in g . Each a n im a l w as 
put in to  a m etabo lism  cage fo r  8 d a y s , be tw een  days 56 and 
84 and a g a in  be tw ee n  days 85 and 114 o f e xp e rim e n ta l 
fe e d in g *  T o ta l u rine  and faeces c o lle c t io n  w as made over 
th e  la s t  3 days d u rin g  w h ic h  w a te r con sum p tion  w as a ls o  
reco rde d* A part from  e s tim a tio n  o f u r in a ry  C a , M g  and P, 
th e  to ta l d r ie d  u r in a ry  sed im ent w as m easured and th e  re s u lts  
exp resse d  as g%*
The s u rv iv in g  an im a ls  w ere  s la u g h te re d  a fte r  115 d a ys ' 
co n ce n tra te  fe e d in g *  The s la u g h te r p rocedure  w as as 
p re v io u s ly  d e ta ile d .
R esu lts
1 o M in e ra l In ta k e
The a n a ly s is  o f the  fo o d s tu ffs  is  shown in  T ab le  21 * The 
food  in ta k e  w as as th e o re t ic a lly  e xp e c te d , exce p t th a t G roups 
5 and 6 consum ed 900 g co n ce n tra te s  per head d a ily *  G roups 
1 and 2 a te  600 g ha y , 3 and 4 a te  450 g , and 5 and 6 a te  
3 00 g d a ily *  The ca lc iu m  and phosphorus in ta k e s  are g ive n  
in  T ab le  21 *
T ab le  21 : A n a ly s is  o f F e e d s tu ffs  (% m  dry m atter) and D a ily  
In ta k e s  o f Ca and P in  D iffe re n t G roups
C o n ce n tra te H ay Roots
(M o is tu re 1 0 14 90)
Ca 0*80 0*23 0*40
P 0*49 0*17 0*33 .
M g 0 ,1 9 . 0*03 0*07
Na 0 * 2 2 0*09 0*15
C l 0*26 0*26 0*27
G roup Ca P Ca : P R a tio
lo  (LCLR) 4*06 2*73 1*49 : 1
2o (LCHR) 4 .2 6 2 .9 0 1*48 : 1
3 c (MCLR) 5*69 3*70 1*54  : 1
4 c (MCHR) 6*25 4*03 1*55 ; 1
5 c (HCLR) 7 * 8 6 5*91 1*60  : 1
6 o (HCHR) 8*06 5*14 1 ,5 7  : 1
2 o D e v e lo pment o f O b s tru c tiv e  U ro li th ia s is  
and O ccu rre n ce  o f C a lc u li
Three an im a ls  de ve loped  acu te  o b s tru c tio n  on day 80 
(2 sheep) and day 89 and showed ty p ic a l s ig n s  o f u ro li th ia s is  
and d ie d  (1) o r had to  be des troyed  (2 ). These cases w ere  
from  d iffe re n t groups : G roup 6 (H C H R ), G roup 2 (LCHR) and 
G roup 1 (LCLR) *
A fu r th e r lamb (from G roup 5 -  HCI-R) w as found dead a fte r
27 days o f co n ce n tra te  feed ing  bu t p a th o lo g ic a l e xa m in a tio n  
fa ile d  to  re v e a l th e  cause o f dea th * No c a lc u l i  w ere  
d e te c te d  in  the  u r in a ry  tra c t*
N in e te e n  o f th e  42 lam bs deve loped  u ro li th ia s is  (45%) * 
D is tr ib u t io n  w as v e ry  s im ila r  among d iffe re n t le v e ls  o f 
co n ce n tra te  fe e d in g  ( 7 : 6 : 6 )  and roo t fe e d in g  (10 : 9)., T h is  
is  show n in  T ab le  22 * The s e v e r ity ,  as ju d g e d  by  w h e th e r 
one o r b o th  k id n e y s  was a ffe c te d , d id  no t d if fe r  s ig n if ic a n t ly  
from  one group to  a n o th e r, bu t b i la te ra l in vo lve m e n t w as seen 
in  13 o f th e  19 a n im a ls *
T ab le  22 : In c id e n c e  o f C a lc u li  in  D if fe re n t G ro u ps 
(7 lam bs per group)
W ith B ila te ra l U n ila te ra l Number''*^ S iz e **G roup C a lc u li -l-_l_ •r +-r H-
lo  (LCLR) 3 2* 1 1* 1 1 0 2* 1
2o (LCHR) 4 3 1* 2 0 2* 2* 0 2
3* (MCLR) 4 2 2 0 2 2 1 2 1
4* (MCHR) 2 2 0 2 0 0 2 0 0
5* (HCLR) 3 2 1 1 2 0 1 1 I
6 * (HCHR) 2 1 * 2 1* 0 2 * 0 2
T o t  a 1 s 8 6 8 5 7
in c lu d e s  one fa ta l i t y
num ber and s iz e  ca te g o rie s  -i-H-, hh* and 4- 
are  d e fin e d  on page 60*
3 o R e la tio n sh ip  o f Lamb W e ig h t to  In c id e n c e  o f U rin a ry  C a lc u li 
and W e ig h t G a in
The average w e ig h t g a in  a fte r  115 d a y s ' co n ce n tra te  fee d in g  
w as 8 k g *  W e ig h t g a in  w as poor in  th e  f i r s t  h a lf  o f co n ce n tra te  
fe e d in g , w hen con ce n tra te  in ta ke  was re la t iv e ly  s m a ll,  b u t was 
s a t is fa c to ry  in  th e  second 8 -w eek  p e r io d , e s p e c ia lly  in  the  2  
groups (5 and 6 ) re c e iv in g  la rge  q u a n tit ie s  o f co n ce n tra te s  
(Table 2 3 ),
T ab le  23 t W e ig h t G a in  in  F irs t  and Second H a lve s  o f E xperim ent 
in  D iffe re n t G roups
G roup
W eeks 1 -8  
M ean W e ig h t G a in  
pe r lamb per w eek 
(kg)
N et G a in
W eeks 9-16 
M ean  W e ig h t G a in  
per lamb per w eek 
(kg)
N e t G a l
1 . (LCLR) 
2 „ (LCHR)
0 .037 )
-0 ,0 7 2 ) -0 .0 1 8
0 ,309 )
0 .395 ) +0*352
3 . (MCLR)
4 .  (MCHR)
0 .063 )
0 ,2 05 ) 4-0*134
0 .6 80 )
0 .7 25 ) +0*7 02
5 . (HCLR)
6 . (HCHR)
0 .363 )
0 ,0 47 ) 4-0*205
0 .9 55 )
0 .985 ) +0*970
There w as a te n d e n cy  fo r  c a lc u lu s -c o n ta in in g  lam bs to  be in  
th e  h e a v ie r h a lf  o f th e  in d iv id u a l groups more than  th e  l ig h te r  
h a lf  (10 : 6 )« As a re s u lt o f the  e x c e p tio n a lly  poor w e ig h t g a in
o f 2 c a lc u lu s -c o n ta in in g  la m bs , the  mean f in a l d e a th -w e ig h ts  
w ere  not s ig n if ic a n t ly  d iffe re n t fo r  16 c a lc u lu s  lam bs 
com pared w ith  2 2  n o n -c a lc u lu s  lam bs (31 kg : 3 0 .5  k g ) .
There w as th e re fo re  no in d ic a tio n  th a t re n a l c a lc u l i  occu rred  
more fre q u e n tly  in  the  h e a v ie r type  o f sheep nor th a t,  on the  
o th e r hand , re n a l c a lc u l i  lead  to  poor w e ig h t g a in .  The 
poor w e ig h t g a in  o f 2 c a lc u lu s  lam bs co u ld  no t be re la te d  to  
a severe re n a l le s io n .
4 . P lasma M in e ra l Changes
Plasma phosphorus rose in  a l l  groups w hen com pared w ith  
th e  c o n tro l va lu e s  (ob ta ined  a fte r  28 days o f hay fe e d in g ) . At 
3 m onths th e re  w as a s ig n if ic a n t (p <  0 .0 5 ) Increase  in  G roups
5 and 6 on h ig h  con cen tra te  fe e d in g . A t 4 m onths a l l  groups 
had a s ig n if ic a n t ly  h ighe r p lasm a phosphorus th a n  the  c o n tro l 
va lu e s  (p ■< 0 .0 5 ) .  There w as no s ig n if ic a n t  d iffe re n c e  
be tw een th e  groups a t 4 m on ths .
Plasma ca lc iu m  was in i t ia l ly  1 0 .4  + 0 .9  mg%. A t 3 m onths 
no s ig n if ic a n t  changes had occurred  bu t a t 4 m onths the re  w as 
a s lig h t  b u t s ig n if ic a n t  inc rea se  (p.<^ 0 .0 5 ) .
Plasma m agnesium  va lue s  f e l l  s lo w ly  b u t th e  w id e  s c a tte r  
o f va lu e s  a t 3 m onths and a t 4 months re s u lte d  in  no s ta t is t ic a l  
d iffe re n c e  be tw een va lues on con ce n tra te  fe e d in g  and on h a y .
The p lasm a changes are  shown in  F ig .  8 .
Plasma m in e ra l le v e ls  in  o b s tru c te d  sheep are reco rded  in  
T ab le  24 fo r  th e  3 a ffe c te d  sheep and re fe r to  sam ples ta ke n  
re s p e c t iv e ly  1 , 5 and 9 days be fo re  d e a th . These va lu e s  are 
com pared w ith  the  mean o f the rem a inde r o f the  group o f o r ig in  
and a ls o  w ith  the  rem a inde r w hen d iv id e d  in to  c a lc u lu s  (C) and 
n o n -c a lc u lu s  cases (N C ). Plasma phosphorus and m agnesium  
are  h ig h e r in  the  o b s tru c te d  sheep .
T a b le  24 ; Plasma M in e ra l Le ve ls  in  O b s tru c te d  Sheep and in  
R em ainder o f G roup
P Ca M g
Sheep 34 - G roup 1 (LCLR) 1 0 . 0 1 0  J. 2 .3 5
G roup 1 -  mean 9 .3 1 1 . 2 1 .6 2
-  mean C 8 . 6 1 1 . 6 1 . 8
-  mean NC 9 .6 1 1 . 0 1 ,5
Sheep 32 - G roup 2 (LCHR) 1 4 ^ 9 .4 2 ,1 5
G roup 2 -  mean 7 .4 1 1 . 0 1 , 8 8
-  mean C 6 .9 1 1 . 0 1 .9 2
“  mean NO 7 .9 1 1 , 0 1 .8 4
Sheep 24 - Group 6 (HCHR) 11 .3 1 2 . 0 2 ,5 4
G roup 6 -  mean 9 .7 1 0 . 6 2 .1 7
-  mean C 1 0 .3 1 0 .3 1 .9
-  mean NC 9 .3 1 0 .9 2 . 2
G = c a lc u lu s  sheep in  group 
NO = n o n -c a lc u lu s  sheep in  group
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FIG. 8 . PLASMA MINERAL LEVELS AND BLOOD UREA IN THREE GROUPS 
OF SHEEP FED DIFFERING AMOUNTS OF CONCENTRATE FOOD.
5 o W a te r In ta k e  and U r i n a Vo lum e
T ab le  25 shows the  w a te r in ta ke  and u r in a ry  vo lum e exp ressed  
as th e  mean va lu e  o f 3 su c c e s s iv e  days  ^ There was a 
s ig n if ic a n t  (p 0 .0 2 ) in c rea se  in  w a te r in ta k e  be tw een  G roups 
1 /2  and 3 /4 ,  1 /2  and 5 /6 ,  and a le s s  s ig n if ic a n t  ( p c  0*05) 
in c re a se  be tw een  3 /4  and 5 /6 *  The u rin a ry  vo lum e in c rea se d  
o n ly  s l ig h t ly  in  a n im a ls  on h ig h e r le v e ls  o f co n ce n tra te  fe e d in g .
T ab le  25 ; W a te r  In ta ke  and U rin a ry  Volum e o f Sheep 
(M ean Values o f 3 C o n se cu tive  D a y s)
G roups V '/a ter In ta ke  m l/d a y
U rin e  Volum e 
m l/d a  y
U rin e  Volum e 
W a te r In ta ke
1 . (LCLR)
2 . (LCHR) 405 + 127* 423 + 97 104%
3 . (MCLR)
4 . (MCHR)
831 + 146 539 1: 108 55%
5 . (HCLR)
6 . (HCHR)
1092 + 102 551 + 87 50%
* I f  one sheep is  d is re g a rd e d , w h ic h  drank 3 0 m l in  
3 d a y s , th is  f ig u re  is  in c re a se d  to  463 + 108*
The mean w a te r in ta ke  o f th e  "h ig h  ro o t"  groups w as s l ig h t ly  
b u t no t s ig n if ic a n t ly  h ig h e r tha n  the  "J.ow ro o t"  groups (7 96 m l 
c fo  7 59 m l) o The urhiai-y vo lum e was a ls o  s l ig h t ly  b u t 
in s ig n if ic a n t3 y  greate;: In th e  "h ig h  ro o t"  groups (565 m l and 
446 m l re s p e c t iv e ly )  *
I f  th e  fig u re s  fo r  u r in a ry  vo lum e are exam ined fo r  d iffe re n c e s  
be tw een  c a lc u lu s  and non -c a lc u lu s  a n im a ls , s ig n if ic a n t  
d iffe re n c e s  are seen in  some g roups* C a lc u lu s  “ c o n ta in in g  
an im a ls  on low  co n ce n tra te s  excre ted  295 m l + 97 , com pared 
w ith  487 m l + 84 (p 0 .0 5 ) , and th e  same pa tte rn  a p p lie d  to  
groups on medium c o n c e n tra te s . Though the  re s u lts  w e re  
in s ig n if ic a n t  in  groups on h igh  c o n c e n tra te s , the  mean vo lum e 
o f u rine  w as ag a in  lo w e r in  c a lc u lu s  sheep*
6 • B lood Urea
A l l  groups showed an in c rea sed  b lo o d  urea 3 and 4 m onths 
a f te r  th e  s ta it  o f co n ce n tra te  fe e d in g , w hen com pared w ith  the  
c o n tro l p e rio d  o f hay fe e d in g * T h is  in c re a se  was m ost 
n o tic e a b le  in  the  groups on the  h igh  c o n ce n tra te  in ta k e  (F ig * 8 ) .  
A n a ly s is  o f the  fig u re s  in  re sp e c t o f c a lc u lu s  and n o n -c a lc u lu s  
sheep show ed no s ig n if ic a n t d iffe re n c e s  in  b lo o d  urea *
7 o U r in a ry  Sedim ent
The q u a n tity  o f sed im ent exc re ted  b y  c a lc u lu s -c o n ta in in g  
lam bs (Table 26) exp ressed  as g per 100 m l w as g re a te r than  
in  n o n -c a lc u lu s  la m b s , bu t co u ld  be a ttr ib u te d  a lm o s t e n t ire ly  
to  the  lo w e r u r in a ry  vo lum e in  c a lc u lu s  a n im a ls  * The to ta l
l ô ü
d a ily  w e ig h t o f u r in a ry  sed im ent w as ve ry  s im ila r  in  bo th  
c a lc u lu s  and n o n -c a lc u lu s  lam bs (mean va lu e s  re s p e c t iv e ly  
15o38 g and 14*7 g) * The d iffe re n c e s  w ere  no t s ig n if ic a n t 
s ta t is t ic a l ly  o
T a b le  26 : M ean Q u a n tity  o f U r in a ry  Sedim ent in  g % 
in  C a lc u lu s  and N o n -C a lc u lu s  Lambs
Groups
1 / 2
LCLR
LCHR
3 /4
M C LR
M C H R
5 /6
HCLR
HCHR
C a lc u lu s  lam bs 1 „2 3*8 1 .9
N on -ca  le u  lu  s la mb s 0*5 2 * 0 1 * 2
W hen th e  q u a n tity  o f u r in a ry  sed im ent in  gm per 100 m l 
u rin e  w as p lo tte d  on a graph a g a in s t the  u r in a ry  phosphorus 
c o n c e n tra tio n  in  mg per 1 0 0  m l, no c o rre la t io n  w as o b ta in e d , 
in d ic a t in g  th a t th e  2 fa c to rs  appeared independen t o f one 
a n o th e r* The d if fe re n t ia t io n  o f c a lc u lu s  (17 sam ples) and 
n o n -c a lc u lu s  lam bs ( 2  0 sam ples) l ik e w is e  gave no u s e fu l 
p a tte rn *  E xa m ina tion  o f the  sedim ent m ic ro s c o p ic a lly  showed 
a la rge  q u a n tity  o f c e l lu la r  debris  bu t th e  m a jo r c o n s t itu e n t 
appeared to  be phosphate  c ry s ta ls  o f th e  ty p ic a l t r ip le  phosphate  
shape c.
8 * G ross P a tho logy
The In c id e n ce  and d is tr ib u t io n  o f c a lc u l i  has a lre a d y  been 
d e ta ile d  *
The r ig h t and le f t  k id n e ys  w ere s im ila r  in  s iz e  in  m ost 
an im a ls  o The d iffe re n c e  w as 5 g or le ss  in  a l l  cases excep t 
one (d iffe re n c e  13 g) in  w h ich  b i la te ra l c a lc u l i  w ere  found 
(N o* 19) o T h irte e n  an im a ls  showed s lig h t  c o n g e s tio n  o f the  
k id n e ys  on s e c tio n  bu t th is  was con s id e re d  no rm a l*
Two a n im a ls  (N o « 19 and N o* 23) showed u n ila te ra l 
u re te ra l d i la ta t io n ,  one case co n ta in in g  numerous c a lc u l i  free  
in  th e  u re te ra l lu m en . C lo se  exa m in a tio n  showed the  c a lc u l i  
w ere  o f 2 ty p e s , one w h ite  and s e m i- tra n s lu c e n t, the  o th e r 
y e llo w  b row n * In  C ase 23 , one u re te r w as d ila te d  to  about 
8 mmo d ia m e te r (norm al 3 m m *), about 4 cm* from  the  le f t  
re n a l h i lu s ,  ove r a d is ta n c e  o f 2 cm * A v e ry  m ild  a s s o c ia te d  
in fla m m a to ry  re a c tio n  was seen a t th is  s ite *
The b la d d e r w as norm al in  a l l  a n im a ls , exce p t one v ; ith  a 
s lig h t  degree o f haem orrhage ove r a few  m ucosa l fo ld s ,  and 
co n ta in e d  no c a lc u l i*  The ure thra  w as norm al in  a l l  c a s e s . 
In  the se  lam bs the  appendage was adhesed a lon g  m ost o f its  
le n g th 0 In  one a n im a l the  ve rm ifo rm  appendage w as absen t
and appeared to  have s loughed o ff*  In  3 sheep , th e  maximum 
free  le n g th  was 5 mm *
9 o C l in ic a l  H is to r ie s  o f 3 A n im a ls  w ith  O b s tru c t iv e  
U ro lith  la  s 1 s (H'os * 23 9 8 8 /2 4 , 3 2 , 3 U
These 3 w e th e rs  w ere  a l l  aged abou t 9 -1 0  m onths a t the
tim e  o f o b s tru c t io n . A l l  cases occu rred  w ith in  10 d a y s .
C ase 24 : Sheep n o tice d  d u ll and a n o re x ic  on February 17,
1964, w ith  pendu lous abdom en. Tem perature w as norm a}, no
tenesm u s* A n im a l d ied  th e  fo llo w in g  d a y . P a th o lo g ic a l
fe a tu re s  are  g iv e n  in  Tab le  27*
C ase  32 : Sheep w as n o tice d  to  be d u l l  on Februair^^ 17 ( i* e
as C ase 24)* P a rt ia l ano rex ia  p e rs is te d  u n t i l  dea th *
P a ra cen tes is  on February 18 re ve a le d  p resence  o f ab d o m in a l
u r in e *  Penis co u ld  not be extended due to  a d h e s io n  o f
appendage to  p repuce* On u s in g  m anual fo rce  to  b reak dowm
a d h e s io n  abou t 3 m l u rine  spurted  th rough  th e  u re th ra l o r if ic e *
B lood  urea w^as 2 09 mg% (February 19) and th e  a n im a l w as
de s tro ye d  2 days la te r  a s , when the  a n im a l w as p la ce d  in  a
m e ta bo lism  ca g e , i t  cou ld  be a s c e rta in e d  th a t u r in a ry
o b s tru c tio n  w as co m p le te *
C ase 34 : Sheep w as a p p a re n tly  no rm a l w hen put in to
m e tabo lism  cage on February 26 , b u t w?as d u ll th e  fo i l  ow ing
d a y , though a p p e tite  w as s t i l l  good* On February 28 , a n im a l 
w as d u l l ,  i'Bcum bent,. m arked ly  d y s p n o e ic , g ro a n in g , w ith  
severe  tenesm us * The a n im a l w as d es troye d  a t m idday th e  
same day*
T a b le 27 : P atho lo g ic a l D eta i ls  o f 3 C l in ic a l C ases  o f F a ta l 
U r in a ry  O b s tru c tio n  (2 3 9 8 8 /2 4 , 32 , 34)
A bdom ina l 
u r in e  (m l)
A bdom ina l
c a lc u l i
S ite  o f 
u r in a ry
4500
Yes
5000
Yes
B ladder: r ig h t 
d o rs a l w a ll
B ladder: r ig h t 
d o rsa l w a l l
t ra c t  rup tu re  1*5 x  0*5 cm 0 .5  x  0*2 cm 
K idneys E n la rged  f la b b y  M ild  c o n g e s -
No c a lc u l i
U re te rs
B ladder
U re th ra
Remarks
N orm al
M o d e ra te
lo c a lis e d
haem orrhag lc
c y s t i t is
M i ld  u re th r it is  
w h o le  le n g th
C a lc u li  o n ly  
reco ve re d  
from  abdomen
*  I l lu s t ra te d  In  P la te  1
t io n .  No 
c a lc u l i
N orm a l
Severe
haem orrhag lc
c y s t i t is *
M i ld  u re th r it is  
ex tra  p e lv ic  
u re thra
S ing le  c a lc u lu s  
o b s tru c tin g  
base  o f 
appendage 
acu te  uraem ic 
syndrom e
N i l
No
U re th ra l appendage 
base  la te ra l ly
2 s ite s  o f 1 mm
S w o llen  p e r ip e lv ic  
oedem a. L e ft co rte x  
show ed m u lt ip le  
ha em o rrha ge s .
B ila te ra l c a lc u l i
C o n g e s tio n
3 90 m l u rine ; severe 
g e n e ra lis e d  h a e m o rr- 
h a g ic  c y s t i t is
C o n g e s tio n  and, 
u re th r it is  d is  t a l ly
S in g le  c a lc u lu s  a t t ip  
o f appendage; e n la rg e ­
ment and c o n g e s tio n  o f 
a l l  ab d o m in a l lym ph 
nodes; Peyerhs pa tches; 
h e p a tic  haem orrhages; 
In te s t ina 1 mucosa 1 
pe t ech.ia e f ib  r in  o u s 
p le u r is y ; acu te  uraem ic 
syndrom e *
D is c u ss io n
T h is  experim en t showed th a t n e ith e r th e  le v e ls  o f co n cen tra te  
fe e d in g  nor th e  q u a n tity  o f roo ts had a s ig n if ic a n t  e ffe c t e ith e r  
on th e  in c id e n c e  o f re n a l c a lc u l i  or o b s tru c tiv e  u ro li th ia s is  *
These f in d in g s  are  in  d isag reem en t w ith  th o se  o f o the rs  (M ic h a e l,  
1910; Newsom  e t^ a D , 1943; N a irn , 1939; P ontius  e t a 1*, 1930; 
C rook shank e1^  aJU, 1967) b u t o ften  few  param eters w ere  m easured 
b y  th e se  w o rke rs  *
The cou rse  o f c l in ic a l  d isea se  (o b s tru c tiv e ) w as sho rt and the  
c l in ic a l  s igns  w ere  re la t iv e ly  n o n -s p e c if ic .  O n ly  one a n im a l 
w as seen to  s t ra in .  An in te re s tin g  and common fe a tu re  w as the  
s e v e r ity  o f the  re a c tio n  in  the  b la d d e r, in  th e  absence  o f gross 
c a lc u l i  to  cause  traum a to  th e  m ucosa . T h is  re a c tio n  is  
a t tr ib u te d  to  th e  g e n e ra lis e d  re a c tio n  and uraem ic c o n d it io n *  The 
degree o f u re th r it is  w as le s s  than  th a t com m only seen in  n a tu ra l 
cases o f u r o l i th ia s is .  Some n a tu ra l cases o f u r in a ry  o b s tru c t io n , 
w ith  b la d d e r ru p tu re , f a i l  to  re ve a l the  p resence  o f u r in a ry  c a lc u l i  
an>?where in  th e  u r in a ry  tra c t  (W eaver, 1969) b u t I t  is  in c o rre c t to  
assum e , w ith o u t c a re fu l e xa m in a tio n  o f th e  a b d o m in a l c a v ity ,  
th a t u ro l i th ia s is  is  not the  cau se* C ase 24 dem onstra ted  th a t 
c a lc u l i  may be recove red  from th e  abdom en* I t  is  assum ed th a t
th e s e  c a lc u l i  w e re  in  th e  b la d d e r u n t i l  the  tim e  o f ru p tu re . The 
s ite  o f th e  u re te ro -v e s ic u la r  o r if ic e  m,ay a ls o  te n d  to  prom ote 
th e  d is p e rs a l w ith in  th e  abdo m ina l c a v ity  o f any c a lc u l i  
s itu a te d  in  the  b la d d e r neck,, fo llo w in g  rup tu re  o f th e  organ*
The 3 cases o f ty p ic a l o b s tru c tiv e  u ro li th ia s is  occu rred  
w ith in  a pe rio d  o f 10 days in  th e  to ta l 115 days o f co n ce n tra te  
fe e d in g , and a l l  f e l l  i l l  a f te r  a c o ld  s p e ll ,  su g g e s tin g  the  
p o s s ib i l i ty  o f c l im a t ic  s tre ss  as a p re d isp o s in g  fa c to r  (N e w so n , 
1938; U d a ll,  1959b).
This, expe rim en t shows th a t c a lc u l i  can re a d ily  d e ve lo p  in  
a n im a ls  fed  sm a ll q u a n tit ie s  o f con cen tra tes  and ro o ts ,  and 
sugges ts  th a t e x c e s s iv e  em phasis may have been p la ce d  on the  
dangers o f ex c e s s iv e fe e d in g  o f these  fe e d s tu ffs  . In  a l l  groups 
(exce p t G roup 1) some c a lc u l i  w ere o f such s iz e  -  3 mm long  -  
as to  have b lo c k e d  th e  verm ifo rm  appendage, had th e y  passed 
ou t o f th e  k id n e y s  *
C o n ce n tra te  fe e d in g  w as a ls o  a s s o c ia te d  w ith  an in c re a se  
in  b lo o d  u rea , b u t th e  d iffe re n c e s  are no t s ig n if ic a n t  s ta t is t ic a l ly  
w hen com pared w ith  each o th e r or w ith  th e  c o n tro l v a lu e s  on hay 
fe e d in g  o The g re a te s t mean in c rea se  occu rred  in  th o se  groups
fe d  th e  la rg e s t am ount o f p ro te in , th e  expec ted  re s u lt .  The 
m a rke d ly  b e tte r  g row th  ra tes on h igh  p ro te in  fe e d in g  are 
lik e w is e  as e xp ec te d  *
The p lasm a m in e ra l changes w ere  u n re m a rk a b le . The 
d ie ta ry  in ta k e  in  respec t o f m in e ra ls  w as above th e  m in im a l 
e s tim a te d  requ irem en t in  a l l  g ro u p s . The s ig n if ic a n t  in c re a se  
in  p lasm a phosphorus is  a ttr ib u te d  to  th e  lo w  va lu e s  o b ta in e d  
d u rin g  hay fe e d in g , when the  phosphorus balance, was 
p ro b a b ly  n e g a tiv e . There w as no ev id e n ce  o f any "p ro te c t iv e "  
e ffe c t o f a h ig h  ca lc iu m  in ta k e  (C rookshank e t a_3._o, 19 67 ).
The fig u re s  c le a r ly  in d ic a te  th a t ,  ig n o rin g  th e  roo t 
consum p tion^h igh  co n ce n tra te  feed in g  w as a s s o c ia te d  w ith  a 
s ig n if ic a n t ly  h ig h e r w a te r in ta k e  per d a y , and th is  w as tru e  
even w hen th e  fig u re s  w ere  a d ju s te d  to  m i l l i l i t r e s  o f w a te r  per 
kg  b o dyw e ig h to  A com parison  may be made w ith  A m erican  
f ig u re s  fo r  the  norm al w a te r in ta k e  and u r in a ry  e x c re tio n  o f 
6 6 0 8  and 27 o l m l/k g  re s p e c tiv e ly  (Anand and P a rke r, 1966) in  
th is  case  e q u iv a le n t to  a p p ro x im a te ly  1675 and 67 5 m l.  In  
th is  e xp e rim e n t, in ta ke  o f w a te r was m.uch lo w e r than  the  
A m erican  nox'mal v a lu e s , w h ile  u rin e  e x c re tio n  w as s l ig h t ly
lo w e r*  The p ro p o rtio n  of th e  w a te r in ta ke  e xc re te d  as u rin e  
w as h ig h e r*
The q u a n tity  and ch a ra c te r o f the  u r in a ry  sed im en t bore  no 
re la t io n  to  th e  in ta ke  o f c o n c e n tra te s , bu t appeared to  be 
la rg e r in  an im a ls  w ith  re n a l c a lc u l i  (mean v a lu e s , s ta t is t ic a l ly  
no s ig n if ic a n c e ) * Mo e xp la n a tio n  can be found  fo r th e  la c k  o f ‘ 
c o rre la tio n  be tw een a h igh  u rin a ry  phosphorus and a la rge  
q u a n tity  o f u r in a ry  sed im ent w h ic h  appeared to  be com posed 
p r in c ip a l ly  o f phosphate cJiystals * C o rn e liu s  e t ajU (1959) 
found th e  u r in a ry  sed im ent co n s id e ra b ly  g re a te r in  th e ir  an im a ls  
fed  a h igh  co n ce n tra te  m ix tu re  than  when fed a lfa lfa  h a y . 
le a n -B la in  ^  (1968) re fe r to  the  presence o f u r in a ry
sed im en t as a c l in ic a l  syndrom e p e r je  ( "s e d im e n to s e " ) , and p re fe r 
th is  term  to  use o f " u r o l i th ia s is " , and th e ir  m icropho tog raphs 
o f u r in a ry  d e p o s it,  as w e ll  as tho se  o f Rumanian w orkers  
(Adam esteanu e ^ a H ,  1969) are  ve ry  s im ila r  to  th e  appearance 
o f d e p o s its  in  th is  expe rim en t* Jean B lam  at a l . (1968) c la im  
th a t th e  sed im en t is  a lm o s t e n t ire ly  m in e ra l, w ith  a m ino r 
c e l lu la r  com ponent, and f in d  the  m a te ria l d is tr ib u te d  w id e ly  
th ro ug hou t th e  u rin a ry  tra c t*  In  th is  e x p e rim e n t, m a te ria l
w as lo c a lis e d  to  th e  k id n e y s , though th e  o c c a s io n a l ev ide n ce  
o f u re te ra l oedema and th e  s lo u g h in g  o f th e  u re th ra l appendage 
suggests  th a t th is  m a te ria l may have been p a r t ly  exc re te d  
p r io r  to  th e  s la u g h te r date and co u ld  have been encounte red  
e lse w h e re  in  th e  lo w e r u r in a ry  t ra c t*
The v a r ia b le  c o lo u r  o f th e  re n a l c a lc u l i  w as no t in v e s tig a te d  
b y  m ic ro a n a ly s is  or o th e r te c h n iq u e s . The w h ite  s e m i­
tra n sp a re n t c a lc u l i  may c o n ta in  re la t iv e ly  more c r y s ta l l in e  
m a te r ia l or may be ba thed  in  le ss  c o n ce n tra te d  u rin e  than  the  
y e llo w is h  c a lc u l i*
The in c re a se  in  b lo o d  urea va lu e s  in  th is  exp e rim en t re f le c t 
th e  Inc re ase d  p ro te in  in ta k e  and c o n s e q u e n tia l in c re a se d  
n itro g e n o u s  b re a kd o w n . In  no In s ta n ce  w as th e  le v e l 
p a th o lo g ic a lly  in c re a s e d , bu t I t  is  know n th a t a c o n s id e ra b le  
vo lum e  o f k id n e y  subs tance  m ust becom e n o n - fu n c t io n a l be fo re  
th is  change is  re f le c te d  in  b lo o d  urea le v e ls *  I f  c a lc u l i  
caused  p h y s ic a l b lo c k a g e  o f a k id n e y  b y  o c c lu s io n  o f the  
p e lv ic  u re te ra l open ing^ le a d in g  to  h y d ro n e p h ro s is , th e  second 
k id n e y  c o u ld , by  i t s e l f ,  m a in ta in  norm al re n a l fu n c t io n .
(v) E xperim en t 4
T h is  experim en t w as de s igned  to  de te rm ine  th e  e ffe c t o f a 
v a r ia b le  c a lc iu m  in ta k e  on th e  in c id e n c e  o f u ro l i th ia s is  * The 
num ber o f v a r ia b le  fa c to rs  w as re d u ce d : c a lc iu m  w as fed  a t 
3 le v e ls  in  co n ce n tra te  fo o d , and w h ile  3 groups re ce ive d  a 
s im ila r  d a ily  in ta k e  o f c o n c e n tra te , a fo u rth  group re ce ive d  a 
s m a ll q u a n tity  o f th e  low  c a lc iu m  c o n c e n tra te , and served as 
a c o n tro l*
To a v o id  a c c id e n ta l p ro d u c tio n  o f an a b n o rm a lly  h ig h  " lo w  
C a" m ix tu re , te s t  m ix in g s  w ere  f i r s t  u n d e rta ke n . The 
in g re d ie n ts  w ere in i t ia l l y  th e  same ( lin s e e d  cake  2 0%, oats 
3 0%, m aize  m ea l 3 0% and fla k e d  beans 2 0%), b u t th e  Ca fig u re  
c o u ld  no t be b rough t b e lo w  0.40%  on a d ry  m a tte r b a s is  * W ith  
th e  m a ize  reduced to  10% and oats c o rre s p o n d in g ly  In c re a se d , 
th e  f ig u re  w as 0*33% . F in a lly ,  b a r le y  w as s u b s titu te d  fo r  
lin s e e d  c a k e , w ith  an a n t ic ip a te d  lo ss  o f p a la ta b i l i t y ,  b u t 
g iv in g  a Ca v a lu e  o f 0*20% *
M a te r ia ls  and M e th o d s
Fort y - tw o  B la ck fa ce  w e th e r lam bs (2 5 8 4 9 /1 -4 2 ) , aged about 
5 m on ths , w e ig h t 18 -28  k g , w h ic h  had been a t g rass  a l l  th e ir  
l iv e s ,  w ere  o b ta in e d  from  a h i l l  farm  *
The lam bs w ere  housed fo r  an in i t ia l  c o n tro l pe rio d  o f 54 
d a y s , d u rin g  w h ic h  th e y  re ce ive d  meadow hay  to  a p p e tite *  
Bedd ing w as s a w d u s t.
B lood  sam ples w ere take n  a fte r  3 w e e k s , and su b se q u e n tly  
e ve ry  2 w e e k s , and plasm a C a , M g  and P w ere d e te rm in e d . 
B lood urea va lu e s  w ere  de te rm ined  I n i t ia l ly  and a t m on th ly  
in te rv a ls  th e re a fte r .
D u rin g  the  c o n tro l p e r io d , 2 0 lam bs w ere  p lace d  in  
m e ta bo lism  c a g e s . Three d a ys ' a c c lim a tis a t io n  w ere  fo llo w e d  
b y  3 days* c o l le c t io n  o f u rin e  and fa e c e s * A t th e  same t im e , 
w a te r  in ta k e  w as m easured *
A fte r  54 d a y s , th e  sheep w ere  re -w e ig h e d  and d iv id e d  in to  
4 groups o f 11 , 11, 10 and 10 , o f s im ila r  w e ig h t d is tr ib u t io n  
(average 22 kg) * The fee d in g  o f co n ce n tra te s  is  as g ive n  in  
T ab le  2 9 . The p e lle te d  (3 /1 6 " )  m ix tu re  had a crude p ro te in  
co n te n t o f 12% . A n a ly s is  o f the  co n ce n tra te  (4% m oisture) and 
t im o th y  hay (20% m o is tu re ) on a d ry  m a tte r b a s is  (%) is  g ive n  
in  T ab le  2 0 . C a lc iu m  sup p lem e n ta tio n  w as w ith  ground 
lim es ton eo  C o n ce n tra te  fe e d in g  w as s ta rte d  a t 25 0 g d a ily  
and in o re asa d  s lo w ly  to  th e  c a Ic u la te d  1000 g d a ily  in  G roups 
1, 3 and 4 , on day 40* T im o th y  hay w as fed to  a p p e tite
(G roup 1 ; 200 g; G roup 2 : 900 g; G roup 3 : 2 00 g; G roup 4 ; 
2 00 g ), and the re  w as a lw a y s  free  acce ss  to  fre sh  w a te r .
Ta b le  2 8 ; A n a ly s is  o f low  C a lc iu m  C o n ce n tra te  Feed and H ay 
(% M a tte r  Bas W
C o nce n tra te  H a y
Ca 0*20 0*13
P 0.31 0 ,1 3
M g  0 ,1 8  0 ,1 4
Na 0 .3 7 ) 0 .0 5 )
C l 0 .4 2 ) 0 .3 1 )
K 2 .4  2 .1
D u rin g  co n ce n tra te  fe e d in g  m e ta b o lic  cage s tu d ie s  w ere 
made as in  th e  c o n tro l p e r io d . The a n im a ls  w ere  k i l le d  on 
day 94 o f co n ce n tra te  fe e d in g . Post mortem e xa m in a tio n  w as 
as in  p re v io us  e x p e rim e n ts ,
A note w as made o f the  degree o f s e p a ra tio n  o f the  u re th ra l 
a ppendage . The in te rn a l d iam e te r o f th e  appendage w as 
m easured in. 2 0 sheep u s in g  low  pow er m a g n if ic a tio n  and aga in  
recorded  a f te r  fo rce d  ir r ig a t io n  w ith  w a te r , com pared w ith  
f in d in g s  86 days p re v io u s ly .
A n ae ro b ic  u rin e  sam ples w ere c o lle c te d  from  the  b la d d e r 
b y  d ire c t punctu re  u s in g  o ile d  sy rin g e s  and tra n s fe rr in g  the  
sam ple to  a u n iv e rs a l b o tt le ^  and ke p t under m in e ra l o i l .
Re s u lts
]. o M in e ra l In ta k e s:g The mean and maximum d a lly  In ta ke  
o f Ca and P are g iv e n  in  T ab le  29»
T a b le  29 : M e a n  and M a x im um D a ily  In ta k e  o f Ca and P 
(H ay and C oncen tra te )
M ean (D ay 0-94) M ax im um  (D ay 40 -94 )
. ________ __ .... .. .................................... . . . . . .
Ca P Ca : P Ratio  ^ Ca
' . . . . _ ....................
P Ca : P R atio
G roup 1 :
1000 g low/ Ca 1 .52 2 .42 0.6 : 1 2 .2 6 3 .26 0.7 : 1
G roup 2 :
25 0 g lo w  Ca 1 o67 1 .9 4 0 .8  : 1 1 .67 1 .94 0 0 8 ; 1
G roup 3 :
1 000 g med .C a 6 ,9 0 2 .41 2 . 8 :  1 9 .76 3 .26 3 , 0 :  1
G roup 4 :
1 000 g h ig h  Ca 2 5 ,6 0 2 . 2 5 11 .3  : 1 
. . . . .  _____
39 .26
, ......... . -
3.2 6 1 2 . 0  ; 1
2 « D e v e lopment o f O b s tru c tiv e  U ro li th ia s is  and In c id ence of 
C a lc u li  : N o  lam bs shov^/ed s igns  o f o b s tru c tiv e  u ro li th ia s is  du rin g  
th e  experim en ts  A t s la u g h te r th e  appendage w as o b s tru c te d  by  
c a lc u l i  In 2 lam bs^ and in  each th e  u re th ra  had rup tu red  
im m e d ia te ly  b e h in d  th is  po in to  C a lc u li Vv?ere found in  30 o f the 
42 a n im a ls  and w ere  yellow / or b ro w n -c o lo u re d  v^hen rem oved 
from  the  k id n e ys  b u t were w h ite  w hen d ry .  The re s u lts  o f the  
d is tr ib u t io n ^  s iz e  and numbers o f c a lc u l i  in  d if fe re n t groups are
g iv e n  in  Tab le  30 ,
T ab le  3 0 : D is t r ib u t io n , Num ber and S ize o f Renal C a lc u l i
D is tr ib u t io n Num ber S iz e **
N o , T Ota 1
B ila te ra l U n ila te ra l 4 -1 -4 - -!“4” -1- -H4—t 4-4" 4-
Group 1 :
1 000 g lo w  Ca 11 3* 4 7 1 2* 4 2 2* 3
G roup 2 ;
25 0 g low  Ca 11 7 1 8 3 5 0 1 4 3
G roup 3 :
1 000 g med ,C a 10 5* 2 7 1 4 1 1 5*
G roup 4 :
1000 g h ig h  Ca 10 3 5
.......  ...........
8 1 4 3 2 4 2
In d ic a te s  case o f u re th ra l o b s tru c tio n  in  G roups I  and 3
Num ber and s iz e  ca te g o rie s  +-I-+ ^  4-4- and 4- a re  de fin e d  
on page 60 .
3 (, R e la tio n s h ip  o f Lamb W e ig h t to  In c id e n c e  o f C a lc u li  : 
There w as no re la t io n s h ip  be tw een  lamb w e ig h t and u ro li th ia s is  
(Table 31)*
T ab le  31 : C om parison  o f W e ig h ts  o f A n im a ls  w ith  C a lc u li and 
A n im a ls  w ith o u t C a lc u li (kg )
1 2  3 4
W ith  c a lc u l i  26 (7) 22 (8) 27 (7) 25 (8)
W ith o u t c a lc u l i  27 (4) 23 (3) 2 6 (3) 22 (2)
( ) re fe rs  to  numbers o f an im a ls  on w h ic h  fig u re  is  based
4 .  Plasma M in e ra l Changes : The in i t ia l  p lasm a va lu e s  
w ere  based on 3 sam ples a t fo r tn ig h t ly  In te rv a ls  from  each 
lamb^ a to ta l o f 126 sam ples (mean and s tanda rd  d e v ia tio n ) :
mg%
Phosphorus 7 .0  + 0 ,4
C a lc iu m  11 .5  4 0 .4
M agnes ium  1 .6 5  + 0 .2 9
Plasma phosphorus (F ig . 10) rose Im m e d ia te ly  on com m ence­
ment o f con ce n tra te  fee d ing  and was h ig h e s t in  G roup 1, v^/here 
th e  mean f ig u re  fo r  the  la s t 2 w eeks o f th e  experim en t was 
12 .4  mg,%. In  th e  o the r reg ions  the r is e  was le ss  pronounced 
and the d iffe re n c e  be tw een  G roups 2 , 3 and 4 com pared w ith  
G roup 1 v\/as s ig n if ic a n t  (p <  0 . 0 5 ) .  S ig n if ic a n t d iffe re n c e s  
be tw een  G roups 2 and 3^ 3 and 4^ 4 and 2 w e re  not fo u n d .
The f in a l  phosphorus f ig u re  fo r  Group 4 w as 8 .4  mg%.
Plasma c a lc iu m # in it ia lly  h igh  in  the  c o n tro l period# rose 
fu r th e r  a t th e  f i r s t  sam p ling  a fte r  con ce n tra te  fe e d in g  to  a mean 
12 .6  mg%# and rem ained near 11 .5 -1 3  mg% in the  h igh e r 
ca lc iu m  groups th ro u g h o u t. However# in  G roups 1 and 2# the  
f ig u re  f e l l  o n ly  s lig h tly #  and a t no tim e  w ere  the re  s ig n if ic a n t 
d iffe re n c e s  betw/een groups . The m.ean o f th e  d if fe re n t groups
in  the  la s t m onth w ere (mg%) :
G roup 1 : 1000 g low Ca 10 .6
G roup 2 : 250 g low  Ca 10 .4
G roup 3 : 1000 g m ed, Ca 11 ,45
G roup 4 : 1000 h ig h  Ca 11 ,5
Plasma m agnesium  showed no s ig n if ic a n t  changes in  the  
e xp e rim e n t. Changes in  plasm a m ine ra ls  are  shown 
g ra p h ic a lly  in  F ig ,  10 ,
5 , B lood Urea : The in i t ia l  b lo o d  urea w as 3 0 ,2  + 6 ,7  mg% 
(range 22-43  m g% ), The fig u re  rem ained low  in  G roup 2# w h ile  
in  the  rem a inde r in c rea ses  v a r ie d .  A t the  end o f the  
experim ent#  the re  w?as a s ig n if ic a n t d iffe re n c e  (p <^0 ,02 )  
be tw een  G roup 2 and G roups 1# 3 and 4 (F ig * 10) ,
6 .  W a te r In ta ke  and U rin a ry  Volume : U r in a ry  ou tpu t 
v a r ie d  c o n s id e ra b ly  on con ce n tra te  fe e d in g  b u t l i t t l e  du ring  hay 
fe e d in g  (Tab le  32) ,  The m ost marked drop in  con sum p tion  w as 
in  G roup 2 w here  the  f a l l  was to  abou t 30% o f th e  c o n tro l 
le v e l .
W hen  the  w a te r in ta ke  du ring  hay and co n ce n tra te  fe e d in g  
is  compared# the re  is  l i t t le  v a r ia t io n .  G roups 1 and 2 showed 
a s lig h t  in c re a se  w h ile  G roups 3 and 4 had a ve ry  s lig h t  
d e c re a s e ,
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PLASMA MINERAL AND BLODD UREA LEVELS IN 
4 GROUPS DE SHEEP WITH VARYING CALCIUM 
AND CONCENTRATE INTAKES FOR 3 MONTHS
HIGH CONCENTRATE, LOW Ca 
LOW CONCENTRATE, LOW Ca 
HIGH CONCENTRATE, MEDIUM Ca 
HIGH CONCENTRATE, HIGH Ca
H A Y  F E E D I N G  M O N T H S  O F  C O N C E N T R A T E  F E E D I N G
FIG. 10. PLASMA MINERAL AND BLOOD UREA LEVELS IN FOUR 
GROUPS OF SHEEP WITH VARYING CALCIUM AND
CONCENTRATE INTAKES FOR 3 MONTHS (EXPT. 4 ) .
The group in ta ke s  o f w a te r w ere e s tln ia te d  ove r a 5 '-day 
pe riod  o f con cen tra te  feed ing  to  check the n o rm a lity  o f w a te r 
in ta k e  in  m e tabo lism  cages » Groups 1 and 2 had an In take  o f 
900 m lf G roups 3 and 4 990 m l per lamb d a i ly ,  co rre spond in g  
w e ll  w ith  the  v a lu e  o f 873 m l in  m etabo lism  cages «
W hen th e  u rin e  volum e is expressed as a percen tage o f the  
w a te r in ta k e  (Tab le  32), the  o n ly  marked v a r ia t io n  w as a 
c o n s id e ra b le  drop in  Group 2 *
7o U r in a ry  Phosphorus and C a lc iu m  : U rin a ry  phosphorus
co n ce n tra te  in c reased  fo u rfo ld  on con ce n tra te  fe e d in g , 
com pared w ith  c o n tro l sam ples from the  same an im a ls  (Table 32)  ^
T h is  in c re a se  occurred  in  a l l  groups exce p t G roup 3« S ince 
th e  u rin a ry  vo lum e va rie d  co n s id e ra b ly  on co n ce n tra te  fe e d in g , 
the se  fig u re s  are a ls o  in se rte d  in  the ta b le  and dem onstra te  
th a t an a b s o lu te  inc rea se  in  u rin a ry  phosphorus e x c re tio n  took 
p la ce  in  G roups 1 , 2 and 4; a decrease in  G roup 3 was not 
s ta t is t ic a l ly  s ig n if ic a n t^
U rin a ry  ca lc iu m  w as lo w e r In a l l  groups exce p t Group 4 , 
w hen con ce n tra te  feed ing  is  com pared to  hay feeding.-.
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8 e U r in a ry  pH : Values fo r  u r in a ry  pH , reco rded  on 2 4 " 
hour sa m p le s , are  p resen ted  in  T ab le  33 . C o n s is te n t re s u lts  
w ere  ob ta in ed  on any one d a y , bu t v a r ia t io n s  be tw een  
in d iv id u a ls  on d if fe re n t days w ere  m arked.
T ab le  33 : M ean  U rin a ry  pH o f W e the rs  d u rin g  H ay  and 
C o n ce n tra te  Feeding
G roups n H ay C o n ce n tra te
1 15 6 .8 7 .2
2 15 7o05 6 .4
3 15 6 .6 7o9
4 15 6 .3 7 .3
n -  num ber o f sam ples
There w as some ten de ncy  fo r the  u rin e  to  becom e s l ig h t ly  
more a lk a lin e  on heavy con cen tra te  fe e d in g .
A n ae ro b ic  u rin e  sam ples w ere c o lle c te d  b y  d ire c t b la d d e r 
punctu re  a t the  tim e  o f s la u g h te r (4 specim ens per group) c In  
a l l  cases the  mean va lu e  o f the  group w as s l ig h t ly  a lk a lin e  
(pH 7 o05 “  7 .6 )o  There Vv’ere 4 s l ig h t ly  a c id ic  s a m p le s , 3 o f 
them b e in g  in  G roup 1 . The range o f pH v a lu e s  w as pH 6 .3  - 
8 .1 .
X  o  f
9 « G ro s s P a tho logy
(a) U ro lith ia s is  : In  one a n im a l (2584 9 /2 ) c a lc u l i  w ere 
found  in  the  le f t  u re te r as w e ll  as le f t  k id n e y .  The c a lc u l i  
o ccu p ie d  th e  re n a l p e lv is  and the  p ro x im a l 15 cm o f u re te r, 
w h ic h  w as d ila te d  over the same d is ta n c e , com pared w ith  the 
r ig h t u re te r . The le f t  and r ig h t k id n e ys  w e ig h e d  re s p e c tiv e ly  
90 and 48 g .
A no the r sheep (25849 /23 ) w ith  s e v e ra l c a lc u l i  (2 mm x  2mm) 
ca u s in g  u re th ra l o b s tru c tio n , a ure thra  1 rup tu re  p o s te r io r  to  
th is  p o in t,  c h ro n ic  c y s t i t is  and c y s t ic  c a lc u l i ,  and w ith  
num erous c a lc u l i  in  each k id n e y , showed h yp e rtro p h y  and 
s l ig h t  hyd ron ep h ro s is  o f the  le f t  k id n e y , d is c re te  lo c a lis e d  
haem orrhages in  the  mucosa o f the  proxira.al h a lf  o f the  le f t  
u re te r and some haem orrhages and in fla m m a to ry  re a c tio n  in  the  
p e ri "U re th ra l t is s u e s .  The b la d d e r and pen is  are shown in  
P la te  5 . W e ig h t and d im ens ions o f th e  k id n e y s  w ere  ;
W e ig h t D im e n s io n s  
L e ft k id n e y  73 gm 8 x 5 x 3  cm
R ight k id n e y  47 gm 6 x  4 .5  x  2 .7  cm
A th ird  sheep (25843/32) showed numerous sca tte re d  w h ite  
a reas on th e  c o r t ic a l su rfa ce  o f the  r ig h t k id n e y .  The ca p su le
a t the  a n te r io r  po le  had adhered to  th e  su rro un d ing  f a t . On 
c ross  "S e c tio n , th e  f ib ro se d  areas w ere  seen to  ex tend  through 
th e  co rte x  in to  m e d u lla . T h is  k id n e y  c o n ta in e d  no c a lc u l i .
The le f t  k id n e y  co n ta in e d  c a lc u l i  b u t o th e rw is e  appeared 
ma cro  s c op ica  1 ly  n orma 1 «
(b) K idney W e ig h ts  in  re la t io n  to  Renal L ith ia s is  (F ig . 12): 
In  40 sheep , the  w e ig h ts  o f th e  le f t  and r ig h t k id n e y s  d id  no t 
v a jy  b y  more than 5 g . In  18 a n im a ls , th e  le f t  k id n e y  w as 
h e a v ie r , in  15 the  r ig h t k id n e y , and in  9 cases w e ig h ts  w ere 
id e n t ic a l to  w ith in  1 gm . In  bo th  sheep w ith  a g re a t 
d is c re p a n c y  in  re n a l w e ig h t,  c a lc u l i  w ere  found in one or bo th  
k id n e y s .  In  one case o f hyd ron ep h ro s is  (25 8 4 9 /2 ) , the  le f t  
k id n e y  w e ig h e d  a p p ro x im a te ly  tw ic e  as much as the  r ig h t 
k id n e y , th e  la rg e r k id n e y  c o n ta in in g  c a lc u l i .  I t  co u ld  no t be 
dem onstra ted  th a t any d is c re p a n cy  in  w e ig h t o ve r 1 g d iffe re n c e  
w as s ta t is t ic a l ly  s ig n if ic a n t ly  co rre la te d  w ith  th e  presence  o f 
c a lc u l i  e
1 0. F lis to pa the  lo g y  : The appendage in  the  lam bs w here  
th e  organ was occ lud ed  by  c a lc u l i  showed s u p e r f ic ia l n e c ro s is  
and an e x te n s iv e  area o f sub e p ith e lia l in fla m m a tio n  w ith
m a ss ive  invasion , by  po lym orphs and a few  plasm a c e l ls .  
S ections  o f the  urethra, above the s ite  o f rup tu re  showed no 
a b n o rm a lity .
M i ld  le s io n s  o f ch ro n ic  p y e lo n e p h r it is  w ere  found in  9 
a n im a ls  w ith  re n a l c a lc u l i .  A c tiv e  le s io n s ,  w ith  no ev ide nce  
o f su rround ing  f ib ro s is  w ere  found in  2 she ep . P ye lo n e p h ritis  
w as a ls o  e v id e n t u n ila te ra lly  in  3 sheep w ith o u t re n a l c a lc u l i .
1 1 . N a tu re  o f Verm iform  Appendage : W hen exam ined 
in i t ia l l y ,  e ve ry  a n im a l had a l l  b u t 1 - 3  mm o f the  appendage 
adheren t to  the  p re p u ce . A t the c o n c lu s io n  (140 days la te r ) ,  
in  one case  o f u n ila te ra l re n a l l i th ia s is  th e  appendage w as 
fre e  a lon g  a l l  its  le n g th . In  ano th e r case w ith  no c a lc u l i  the  
appendage was free  a lo n g  the  d is ta l 10 mm « In  a th ird  case 
(2 5 8 4 9 /3 8 ), the  adhesed appendage w as d ila te d  to  about 3 mm 
d ia m e te r, b u t co n ta in e d  no c a lc u l i .  The re s u lts  exp ressed  in  
term s o f the le n g th  o f free  appendage in  m il l im e tre s ,  re la te d  
to  th e  p resence  or absence  o f c a lc u l i  are g iv e n  In  Tab le  34 .
Tab le  34 : Length o f Free Appendage in  E xp e rim e n ta l Sheep 
re la te d  to  In c id e n c e  o f U ro lith ia s is
Length  o f Free Appendage 
(mm)
1 2 3 10
C a lc u li  p resen t 21 4 2 1
C a lc u l i  absen t 8 3 0 1
E n tire ly
Free
1
0
There w as no re la t io n s h ip  be tw een u ro li th ia s is  and the  
degree o f a d h e s io n . In  one case  th e  appendage w as 
a c c id e n ta l ly  rem oved a t s la u g h te r .
The d iam e te r o f the  appendage was 1 .5  "  2 mm in te rn a lly ,  
and no d iffe re n c e  w as found be tw een  s e c tio n s  from  the  organ 
w hen free  and w hen s t i l l  adhesed to  the  p re p u ce . W hen the 
u re th ra l o r if ic e  w as occ lu d e d  and w hen the  organ v\?as fo rc ib ly  
d ila te d  b y  ir r ig a t io n  o f w a te r b y  a sy rin g e  in s e rte d  In the  more 
p ro x im a l u re th ra , the  e ffe c t iv e  in te rn a l d ia m e te r in c re a se d  to  
abou t 3 mm in  the  body  o f the  appendage, b u t rem a ined abou t 
2 mm in  the  m ost d is ta l s e c t io n .
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D is c u s s lo g
The d ie ta ry  reg im e a ch ie ve d  a w id e  v a r ia t io n  in  d a ily  
ca lc iu m  in ta k e  (1 .5 2 -2 5 .6 0  g ) ,  and a s im i la r ly  v a r ia b le  Ca ; P 
ra t io  (0o6 ; 1 - 1 1 . 3  : 1 ), th e se  fig u re s  in c lu d in g  th e  h a y . The 
m in e ra l In ta ke  o f G roups 1 and 2 (unsupp lem ented b y  ground 
lim e s to n e ) w as b e lo w  the  s ta te d  n u tr ie n t requ irem en ts  o f 
ca lc iu m  and phosphorus - 2 . 9  and 2 .6  g (A g r ic u ltu ra l Research 
C o u n c il,  1 9 6 5 ). C o n v e rs e ly , the  h ighest. Ca in ta k e  w as 8 
tim e s  th e  recom m ended requ irem en t w h ile  th e  phosphorus le v e l 
rem a ined a t th e  lo w e r l im i t .
Though no cases o f fa ta l o b s tru c tiv e  u ro l i th ia s is  deve loped  
2 a n im a ls  had o b s tru c tio n  o f the ure thra  b u t w e re  no t seen w ith  
any  c l in ic a l  s ig ns  and w ere  de tec ted  o n ly  a t p o s t mortem 
e x a m in a tio n . T h is  ev idence  o f passage o f c a lc u l i  from  
k id n e ys  in  2 a n im a ls , to g e th e r w ith  the  h ig h  in c id e n c e  o f 
c a lc u l i  in  a l l  groups (3 0 /42  -  71%) suggests  th a t th e  fe e d in g  
in  a l l  groups w as p o te n t ia lly  l ia b le  to  lead  to  th e  deve lopm ent 
o f o b s tru c t io n .
The data on th e  s iz e  and number o f c a lc u l i  in  d if fe re n t 
groups fa i ls  to  re v e a l any s ig n if ic a n t  d if fe re n c e , b u t co n firm s
J . t
th a t a low  C a , lo w  P d ie t Is not innocuous in  re la tio n , to  
u r o l i th ia s is .
Based on the  m easurem ents o f the  diam .eter o f the  appendage 
the re  e x is te d  in  a l l  groups an im a ls  w ith  c a lc u l i  o f a s iz e  
s u f f ic ie n t  to  o cc lu d e  the  o rg an . From th is  e xp e rim en t no 
c o n c lu s io n  can be reached as to  w h y  fu r th e r  o b s tru c tiv e  cases 
d id  no t d e v e lo p . Some p o s s ib le  e x p la n a tio n s  may be put 
fo rw a rd . C a lc u li  may have b roken up du rin g  m ovem ent from 
th e  k id n e y  to  the  b la d d e r and u re th ra . C a lc u li  may som etim es 
have re d is s o lv e d  in  the  b la d d e r u r in e . T h e ir  m ovem ent down 
the  u r in a ry  tra c t may not have been accom pan ied  b y  the  type  
o f m icro traum a l ik e ly  e f fe c t iv e ly  to  reduce th e  in te rn a l d ia m e te r 
o f the  u r in a ry  p a th w a y . M ovem en t o f the  a n im a ls  may never 
have been so v io le n t  and p ro lo ng ed , so as to  p rovoke a 
m ig ra tio n  o f s e v e ra l c a lc u lu s  p a rt ic le s  s im u lta n e o u s ly  down 
one u re te r , o r s im u lta n e o u s ly  from the b la d d e r neck down 
th rough  the  u re th ra .
W e ig h t g a in  w as n e g lig ib le  in  the  low  co n ce n tra te  g ro up , 
b u t no c l in ic a l  e v id e n ce  o f r ic k e ts  w^as se e n , d e s p ite  the  
inadequa te  Ca in ta k e . I t  is  p o s s ib le  th a t r ic k e ts  w o u ld  have
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d e ve lop ed  i f  the se  an im a ls  had g ro vm . In  th o se  a n im a ls  g ive n  
more co n cen tra te s  the  mean w e ig h t g a in  in  3 m onths w as 4 .5  kg 
and was depressed in  the  h igh  ca lc iu m  group (3 kg) com pared 
w ith  the  others (5 k g ) .  The p ro te in  le v e l w as adequate  fo r 
sheep (12% ), and th e  reduced p a la ta b il i ty  o f the  m ix tu re  may 
be p a r t ly  re s p o n s ib le  fo r th is  pe rfo rm an ce . H a v in g  regard fo r  
the  poor w e ig h t g a in , i t  is  unexpected th a t no d iffe re n c e  was 
seen be tw een c a lc u lu s  and n o n -c a lc u lu s  sheep „
The plasm a m in e ra l fig u re s  show th e  a n t ic ip a te d  p a tte rn , 
w ith  c a lc iu m  va lu e s  inc reased  in  response to  th e  h ig h e r in ta k e , 
and w ith  a co rrespond ing  depress ion  o f p h osp ho ru s . The 
m arked d iffe re n c e s  in  ca lc iu m  d id  not d e ve lop  u n t i l  7 w eeks on 
the  v a r ia b le  Ca in ta k e .
The e ffe c t o f the  concen tra te  d ie t on w a te r  in ta k e  w as no t 
s tr ik in g  bu t w h ile  in ta ke  v a rie d  l i t t l e ,  the  u r in a ry  vo lu m e , 
exp ressed  as a percentage o f the  in ta k e , was lo w e s t in  th e se  
sheep g iv e n  l i t t le  c o n c e n tra te s .
The u rin a ry  pH fig u re s  are su b je c t to  c r i t ic is m  in  v ie w  o f 
th e  p o s s ib i l i ty  o f pH changes during  th e  24 -h o u r pe rio d  be fo re  
es tim a tio n o  The sam ples c o lle c te d  a n a e ro b ic a lly  a t s la u g h te r
show ed the  pH va lu e s  in  w h ic h  the c a lc u l i  form ed in  th is  
experim en t -  m agnesium  ammonium phosphate  -  w o u ld  rem ain 
ou t o f s o lu t io n ,  i . e .  a p re d o m in an tly  a lk a l in e  re a c t io n .
The h is to p a th o lo g ic a l and gross p a th o lo g ic a l f in d in g s  are 
in te re s t in g  in  th a t p y e lo r ie p h r it ic  le s io n s  w e re  o f v a r ia b le  
c h ro n ic ity  and the  m a jo r ity  w ere  not a c t iv e ,  none had a ffe c te d  
v\^idespread areas o f re n a l t is s u e s ,  and th e re  was th e re fo re  no 
e ffe c t on re n a l fu n c tio n  as judged  b y  m easurem ent o f plasm a 
u re a . The d is tr ib u t io n  o f p y e lo n e p h r it ic  le s io n s  suggested  
no d ire c t re la t io n s h ip  w ith  re n a l c a lc u l i .  The s ig n if ic a n c e  o f 
p y e lo n e p h r it is  is  d iscu sse d  fu rth e r in  the  g e n e ra l d is c u s s io n .
The occu rrence  o f u re te ra l c a lc u l i  in  sheep is  rare and 
tends to  be ove rlo oke d  in  fa vo u r o f the  o b s tru c tiv e  syndrom e 
in v o lv in g  th e  appendage, and the  c o lle c tio n  o f c a lc u l i  in  the 
re n a l p e lv is  and b la d d e r. D ia g n o s is  in  the  l iv e  sheep o f 
u re te ra l c a lc u l i  is  d i f f ic u l t  i f  no t im p o s s ib le , and I t  is  no t 
p o s s ib le  to  prove th a t in  case  25849 /2  c a lc u l i  w ere  p resen t 
in  the  le f t  u re te r in  l i f e ,  and d id  not move dow n the p ro x im a l 
u re te r from th e  re n a l p e lv is  a t the  tim e  o f s la u g h te r . S upporting 
ev id e n ce  th a t the  u re te ra l c a lc u l i  w ere p re sen t in  l i fe  is  (a)
th a t a degree o f h yd ro u re te r w as a ls o  seen and (b) th a t 
hyd ro n e p h ro s is  w as c le a r ly  e v id e n t. I t  is ,  th e re fo re , 
h y p o th e s is e d  th a t the  c a lc u l i  caused a p a r t ia l u re te ra l 
u r in a ry  o b s tru c tio n  w ith  h yd ro u re te r and h yd ro n e p h ro s is  as 
co n se q u e n ce s . The degree o f hyd ron ep h ro s is  tends to  
in d ic a te  th a t the  c o n d itio n  had p e rs is te d  some w e e k s .
The abnorm a l r ig h t k id n e y  o f case 25849 /3 2  is  an exam ple 
o f c h ro n ic  In te r s t i t ia l  n e p h r it is  w h ic h  is  a fre q u e n t in c id e n ta l 
f in d in g  in  o th e rw ise  norm al sheep a n d , as in  th is  ca s e , not 
n e c e s s a r ily  a s s o c ia te d  w ith  th e  presence  o f re n a l c a lc u l i .
The range o f k id n e y  w e ig h ts  w as w id e  (27 g -  90 g) w ith  
th e  m a jo r ity  (7 7 /8 4 ) fa l l in g  in  the  3 0 -  55 g ra n g e . The 2 
k id n e y s  w e re  u s u a lly  v e ry  n e a iiy  the  same w e ig h t,  b u t,  w h ile  
d is c re p a n c y  w as a s s o c ia te d  w ith  hyd ro n ep h ro s is  o r re n a l 
l i t h ia s is ,  many k id n e y  p a irs  o f s im ila r  w e ig h t a ls o  co n ta in e d  
ca Ic u l i  o
S ince i t  has been suggested  th a t the  p repubeH a l ad hes ion  
o f th e  ve rm ifo rm  appendage to  the  prepuce p rope r m ay'be 
s ig n if ic a n t  in  ca u s in g  o b s tru c tio n  by a re d u c tio n  o f the  
ure th ra  1 d ia m e te r (B e lo n je , 1965a), the  le n g th  o f free  (icO .
unadhesed) appendage w as recorded fo r  each a n im a l a t 
s la u g h te r . N o c o n s is te n t pa tte rn  w as found be tw een  the  
degree o f appendage ad hes ion  and the  p a r t ic u la r  c a lc u lu s  
s ta tu s .  S ince few  an im a ls  had any s ig n if ic a n t  le ng th  o f the 
organ separa ted  from  the  p re p u tia l e p ith e liu m , com parison  is  
d i f f ic u l t  be tw een  tho se  a n im a ls  in  w h ic h  th e  appendage w as 
w h o lly  fre e , and tho se  in  w h ic h  pa rt w as s t i l l  a tta c h e d . The 
su g g e s tio n s  o f Johnson (1948) and B e lon je  (196 5a) th a t 
u ro l i th ia s is  m igh t be more l ia b le  to  d e ve lop  in  w e th e rs , w here 
se p a ra tio n  o f th e  appendage occurs la te r  th a n  in  ram s, canno t 
be supported  b y  th is  e xp e rim e n t. B e lon je  (1965a) fu r th e r  
agreed w ith  th e  su g g e s tio n  o f W iggens  and T e rr i ce (1953) th a t 
l iv e -w e ig h t  g a in  p lays  an im p o rtan t pa rt in  th e  se p a ra tio n  o f 
the  appendage and th a t sep a ra tion  w as a lm o s t in v a r ia b ly  
com p le te  b y  the  tim e  an im a ls  reached 27 kg  l iv e -w e ig h t ,  b u t 
th e se  o b se rva tio n s  re fe rre d  to  ram lam bs o n ly .  B e lo n je  
(1965a) found com p le te  fu s io n  o f the appendage in  a l l  w e th e rs , 
I r re s p e c t iv e  o f age and w e ig h t w h ic h  had been ca s tra te d  a t
3 -6  w eeks o ld . A g a in , the se  South A fr ic a n  f in d in g s  on 
M e r in o  and G ennan M e r in o  sheep canno t be d ire c t ly  com pared 
w ith  S c o ttis h  B la ck fa ce  w e th e rs , and fu rth e r w o rk  may be 
in d ic a te d  to  fo llo w  the  p re c ise  pa tte rn  o f b reakdow n of the  
adhe s io ns  in  lo c a l b re e d s .
(v i)  E xperim en t 5
The aim  o f th is  experim en t w as to  de te rm ine  th e  e ffe c t on 
the  in c id e n c e  o f u ro li th ia s is  in  tup  lam bs o f (a) hay fe e d in g  
and (b) hay p lus  v a ry in g  le v e ls  o f a s im ila r  co n ce n tra te  
m ix tu re  to  th a t in  E xperim ent 4 .
M a te r ia l and M e th o d s
F o r ty - tw o  norm al B la ck fa ce  tup  la m bs , aged 9 m on ths , 
w ere  ob ta in ed  from  6 h i l l  farm s in  the  N ew ton  S tew art area o f 
K irk c u d b r ig h ts h ire .  W e ig h ts  ranged from  22 to  40 kg«
C lo s t r id ia l  v a c c in e  w as in je c te d  in i t ia l ly  and repea ted 
a fte r  1 m on th . V ita m in  A and D w ere in je c te d  a t m on th ly  
in te rv a ls .  A l l  sheep re ce ive d  M e th y r id in e  90% s o lu tio n  
(P ro m in tic , L,C  . I .) a t com m encem ent, and T h ia b e n so le  
(T h ia b e n d a zo le , M e rc k , Sharp and Dohme) 3 m onths la te r .
The sheep w ere  se le c te d  a t random and p la ce d  in  4 groups 
A l l  th e  an im a ls  re c e iv e d  meadow hay a d ^ lih .  fo r  135 d a y s . 
A fte r  th is  t im e , 3 sheep w ere  s e le c te d  a t random from each 
group o f 11 , 11, 10 and 10 a n im a ls  and s la u g h te re d . The 
u r in a ry  tra c ts  w e re  exam ined fo r  c a lc u l i .
D u rin g  th e  135 d a y s , 31 sheep w ere a ffected , w ith  acu te
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bronchopneum on ia  o F ive  sheep d ied  in  th e  pe rio d  day 67 to  
day 69 o A l l  s ic k  an im a ls  re ce ive d  a n t ib io t ic  tre a tm e n t. 
E xa m ina tion  o f sheep pos t mortem reve a led  a ty p ic a l 
p a s te u re lla  pneum on ia . F ive  a n im a ls  o f a s im ila r  typ e  w ere  
purchased in  G lasgow  M a rk e t to  re p la ce  the  dead sheep .
A fte r  th e  pe riod  o f hay feed ing  (135 d a y s ), a co n ce n tra te  
m ix tu re  and hay was fed fo r  a fu r th e r 96 d a y s , as fo llo w s  :
G roup 1 : ^d  l i h .  low  Ca co n ce n tra te  + hay to  a p p e tite  
G roup 2 : a p p ro x . 25 0 g low  Ca co n ce n tra te  h- hay to  a p p e tite  
G roup 3 : ^  l i b . medium Ca co n ce n tra te  + hay to  a p p e tite  
G roup 4 : a ^  lib_. h ig h  Ca co n ce n tra te  + hay  to  a p p e tite
A l l  an im a ls  w ere  k i l le d  a fte r  96 days on th is  d ie t .
D u rin g  the  cou rse  o f th e  d ie t ,  m e ta b o lic  cage s tu d ie s  w ere  
made on 2 sheep from each g ro up , s e le c te d  a t random . The 
an im a ls  w ere  a llo w e d  to  becom e a c c lim a tis e d  fo r  10 days 
b e fo re  the  s tu d ie s , w h ic h  co n tin u e d  fo r  4 d a y s , w ere  c a rr ie d  
o u t.
Res u lts
A o H a y  Feed ing
1 o Feed and M in e ra l In ta ke  : H a y  co n su m p tio n  in  a l l
J- ü  a  *
groups w as abou t 16 00 g per head d a i ly .  S ince th e  a n a ly s is  
w as Ca : 0 .1 5% , P : 0 .13% , w ith  a 20% d ry  m a tte r c o n te n t, 
in ta k e  was 1 .9 2  g Ca and 1 .6 7  g P. M e a n  w e ig h t a t the  s ta rt 
w as 3 3 .6  kg  and a t the  end w as 3 3 .2  k g .
l o  D e ve lop m e n t of O b s tru c tiv e  U r o l i th ia s is  and In c id e n c e  
o f C a lc u li  : In  th e  pe riod  o f hay fe e d in g  a lo n e  (13 5 days) no 
deaths re s u lte d  from  u r o l i th ia s is . H o w e ve r, 7 o f the  12 sheep 
had re n a l c a lc u l i  a t post mortem e xa m in a tio n  (58% ). The 
d is tr ib u t io n  and num ber o f c a lc u l i  a re show n b e lo w  in  Tab le  35 .
T ab le  35 : D is t r ib u t io n ,  S ize and Num bers o f C a lc u li
a f te r  H ay  Feeding
N um ber o f an im a ls  12
N um ber w ith  c a lc u l i  7
D is tr ib u t io n  :
B ila te ra l 3
U n ila te ra l 4
C a lc u li  :
N um ber* : T-H- 1
't'i" 5
4- 1
S ize * t 4-[~i- 3
■I—t- 1
4- 3
*  Num ber and s iz e  ca te g o ries  T + 4 - ,  4 -4 - and T are 
g iv e n  on page 60 .
The am ount o f c a lc u lu s  m a te ria l v a rie d  c o n s id e ra b ly . One 
sheep had a s o lita ry  1-2  mm long  c a lc u lu s  a t the  p ro x im a l end 
o f the  u re te r; w h ile  ano the r had over 100 s m a ll c a lc u l i  in  
v a rio u s  c a lic e s  o f bo th  k id n e y s .
3 . Plasma M in e ra l Changes (F ig . 13) ; I n i t ia l  va lu e s  on 
hay fe e d in g  (mean + S .D .)  w ere : Ca 11 .41  mg% + 0 .7 7 ; M g  
lo 9 6  mg% h 0 .5 2 ; P 7 .62  mg% ±  0 .9 1 .
A fte r  hay  fe e d in g , and im m e d ia te ly  be fo re  co n ce n tra te  
fe e d in g  s ta r te d , va lu e s  w ere ; Ca 10 .6 4  mg% j i  0 .5 0 ; M g  1 .7 4  
mg% + 0 .4 9 ; P 7 .62 mg% h 0 .8 8 .
The d iffe re n c e s  be tw een le v e ls  b e fo re  and a f te r  hay fe e d in g  
w e re  no t s ig n i f ic a n t .
W a te r  consum p tion  and u r in a ry  vo lum e w e re  re s p e c tiv e ly  
1788 m l and 512 m l d a ily .  Urinar^^' vo lum e w?as thu s  28% o f 
th e  w a te r  in ta k e . I f  the  w a te r co n te n t o f hay is  in c lu d e d , 
to ta l f lu id  in ta k e  w as 2100 m l.
4 .  K id n e y  Size : Renal s iz e  w as c lo s e ly  re la te d  to  b o d y -
w e ig h t .  Renal w e ig h ts  ranged from  34 to  84 g.  ^ A t s la u g h te r 
o f 12 sheep a f te r  hay fe e d in g , 4 cases w ith o u t c a lc u l i  had 
id e n t ic a l w e ig h ts  (recorded to  500 mg) o f le f t  and r ig h t k id n e y ,
and one case  d iffe re d  b y  1 g .  In  the  7 c a lc u lu s  c a s e s , the  
d iffe re n c e s  in  w e ig h t w ere  0 .5  g (3 c a s e s ) , 1 , 2,  4 and 28 g .  
The d e ta ils  o f the  la s t case w ere  :
R igh t k id n e y  ; 84 g (h yd ro n e p h ro s is , u re te ra l c a lc u lu s )
L e ft k id n e y  : 56 g (h yd ro n e p h ro s is , no c a lc u l i ) .
N o o th e r gross a b n o rm a lit ie s  w ere  found in  the  k id n e y s  o f 
th e  12 sheep a f te r  hay fe e d in g .
5 o Rena l  P a tho logy : W ith  one e x c e p tio n , the  k id n e y s  o f 
th e  sheep w ith o u t re n a l c a lc u l i  showed no a b n o rm a lity  (7 , 17, 
39 , 44) F Sheep 30 , though m a c ro s c o p ic a lly  no rm a l ( le f t  and 
r ig h t w e ig h ts  and d im ens ions  re s p e c tiv e ly  3 8 .5  g . ,  3 8 .0  g ,
6 .5  X 4 o 5 x  3 .5  cm - b o th ) ,  showed on m ic ro s c o p ic  e xa m in a tio n  
o f th e  le f t  k id n e y  a m ild  w id e sp re a d  c e l lu la r  in f i l t r a t io n  in  the 
c o r t ic a l in te r s t i t ia l  t is s u e  and in  the  r ig h t k id n e y  an acu te  
c o r t ic a l in te r s t i t ia l  n e p h r it is  v\/ith ab scess  a t io n  and n e c ro s is , 
a ls o  h y p e rp la s ia  o f c o r t ic a l a r te r ie s  w ith  p ro life ra t io n  o f the  
e n do the liu m  and p e r iv a s c u la r  c u f f in g .  No in tra tu b u la r  
a b n o rm a lit ie s  w ere  se e n .
The c a lc u lu s -c o n ta in in g  sheep w ere  d iv id e d  in to  4 show ing  
m ic ro s c o p ic  k id n e y  cha ng es , and 3 w h ic h  w ere  n o rm a l, exce p t
fo r  th e  p resence  o f c a lc u l i .  The a b n o rm a lit ie s  w ere  as fo llo w s  
one sheep (25) showed gross and m ic ro s c o p ic  e v ide n ce  o f 
h y d ro n e p h ro s is . The th ic k n e s s  o f p e lv is ,  m edu lla  and co rte x  
w ere  2 .5  cm , 0 .5  cm and 1 .5  cm (com pared w ith  norm al va lu e s  
o f abou t lo 5  cm , 1 .0  cm and 1 .5  cm ), ev id e n ce  o f p e lv ic  
d i la t io n  and lo ss  o f m ed u lla ry  su b s ta n c e . The h yd ro n e p h ro tic  
le s io n  w as b i la te ra l,  b u t c a lc u l i  were co n fin e d  to  th e  r ig h t 
k id n e y .  N o lo w e r u r in a ry  o b s tru c tio n  w as found to  a cco u n t 
fo r  th e  h y d ro n e p h ro s is . One sheep (10) show ed m ild  
g lo m e ru lo n e p h r it is , a n o th e r (3) s l ig h t  c o r t ic a l tu b u la r  
de ge ne ra tio n  w h ic h  co u ld  have been a ttr ib u te d  to  m ild  post 
mortem d e c o m p o s itio n , and the  la s t (14) show ed a sub c a p s u la r 
(c o r t ic a l)  in te r s t i t ia l  n e p h r it is ,  w ith  2 areas o f po lym orph 
in v a s io n , in  the  r ig h t k id n e y . The le f t  k id n e y  appeared norm al
B . C o n ce n tra te  Feeding
1 o Feed and M in e ra l In t ake : The d a ily  average  q u a n tit ie s  
o f co n ce n tra te s  consum ed in  the  to ta l pe rio d  w as le s s  than  in  
th e  la s t  4 w eeks o f the  exp e rim e n t, as be lo w  :
G roup 1 :
ajd l i h   ^ low  co n ce n tra te  
G roup 2 :
250 g low  co n ce n tra te  
G roup 3 :
Slâ. ÜÎ2  ^ m ed. co n ce n tra te  
G roup 4 ;
ad IJJo o h igh  co n ce n tra te
D ay 0 - 9 6  D a y  68 -  96
1000 g 1360 g
2 6 0 g  2 6 0 g
950 g 1700 g
1050 g 1950 g
H ay consum p tion  w as v e ry  low  in  G roups 1^ 3 and 4 , abou t 
400 g d a ily »  In  G roup 2  ^ consum p tion  w as 1400 g d a ily»
D a ily  Ca and P In take s  fo r  in d iv id u a ls  in  d if fe re n t groups 
w ere  as fo llo w s  :
G roup 1 G roup 2 G roup 3 G roup 4
Ga 3»5 5 /7 1 0 ,7  41 .4
P 4 .2 3 /7 3 .6 3 .7
Ga : P ra t io  0 .8  : 1 1 .5  : 1 2 .9  : 1 1 1 .2  : 1
D u rin g  th e  la s t 2 8 d a y s , the  d a ily  G a and P in ta ke s  v^ere
in c re a se d  as below/ ;
G roup 1 Group 2 G roup 3 G roup 4
Ga 4 .3  5o7 1 8 .0  7 5 .5
P 5 .4  3 .7 5 .9  6 .3
Ga ; P ra t io  0 . 8 : 1  1 . 5 : 1  3 . 0 : 1  1 2 . 0 : 1
2o D eve lop m e n t o f O b s tru c tiv e  U ro li th ia s is  and In c id e n c e  
o f C a l c u l i : O b s tru c tiv e  u ro li th ia s is  de ve loped  in  3 cases in  
2 o f w h ic h  the  c o n d it io n  w as fa ta l .  C l in ic a l  d e ta ils  are g ive n  
la te r  (p .1 7 9 ) .
There w ere  re n a l c a lc u l i  in  2 0 o f th e  25 sheep a t the  end o f 
c o n ce n tra te  fe e d in g  so th a t the  In c id e n ce  o f c a lc u l i  w/as 81%. 
The d is tr ib u t io n  and ch a ra c te r o f c a lc u l i  are d e ta ile d  In  Tab le  
36 f in c lu d in g  a ls o  the  2 fa ta l c a s e s .
T ab le  36 : B lood Urea (mg%) and D is t r ib u t io n .  S ize and Num ber 
o f C a lc u li  a fte r  C o n ce n tra te  F e e d ing
B lood urea (mg%)
Noc o f a n im a ls
N o . w ith  c a lc u l i
D is tr ib u t io n  ; 
B ila te ra l 
U n ila te ra l
C a lc u li  :
N um ber**  ;
+
S iz e ** 4—
++
G roup 1 G roup 2 G roup 3 G roup 4 T o ta l
3 1 ,8  T 10 .7  3 2 .6  T 8 ,4  41 ,9  + 6 .4 32 .0  + 7 .8
7
6
4
2
1
2
3
0
2
4
3+
2
2
3+
0
1 + 
1 
3
8
3*
2
2
1*
2
3*
0
2
7
6
5*
1
3
2 *
2
2 *
2
*  in c lu d in g  fa ta l o b s tru c tiv e  case 
+ In c lu d in g  n o n - fa ta l o b s tru c tiv e  case
* *  num ber and s iz e  ca te g o rie s  +++, ++ and + are g iv e n  on p
27
15
11
60
3 o R e la tio n s h ip  o f W e ig ht  to  U ro lith ia s is  and Vv e ig ht G a in
(a) There w as n o -re la tio n s h ip  be tw een  lamb w e ig h t and the 
presence o f u r o l i th ia s is , At  the c o n c lu s io n , 5 lam bs w ith o u t 
u ro lith s  had g a in e d  (mean and S .D .)  12 + 2 kg  (26 + 5 lb ) , 20 
lam bs w ith  u ro lith s  w e ig he d  12 + 4 kg (26 + 8 lb ) .
(b) M ean  w e ig h t g a in  and 8 .D . o f groups a fte r  co n ce n tra te
fe e d in g  w e re  as follow./s :
G roup 1 1 4 .5  + 2 o 1 kg
G roup 2 8o6 + 1 kg
G roup 3 12 .7 + 1 o 4 kg
G roup 4 12 ,7  + 1*8 kg
The in c re a se  in  w e ig h t o f G roups 1, 3 and 4 w as s ig n if ic a n t ly
g re a te r than  th a t o f Group 2 (p 05) „
4 ,  Plasma M in e ra l Changes : .After s ta r t in g  co n ce n tra te  
fe e d in g  th e re  w as r is e  o f the  mean phosphorus o f a l l  g ro u p s . 
E x c lu d in g  one a n im a l sub seq ue n tly  k i l le d  fo r  u n th r if t in e s s  (see 
la te r ) ,  va lu e s  ranged .from G .l -  9 .6  mg% (mean 7 ,9 9  mg%) 
a f te r  th e  f i r s t  w e e k , and 7 .7  - 1 1 . 5  (mean 9 .4  mg%) a f te r  2 
w e e k s , and rem ained s lig h t. ly  e le va te d  th ro u g h o u t. There w as 
no d iffe re n c e s  be tw een  groups or be tw een u ro li th ia s is  and 
n o n -u ro lith ia s is  she ep .
C a lc iu m  va lu e s  showed no s ig n if ic a n t  ch a n g e s . F igu res 
ranged from  10 to  12 mg%. In  th e  2 h ig h  Ca in ta k e  g ro u p s , 
the re  w ere o c c a s io n a l h igh  va lu e s  abou t 13 mg% b u t a t the  
c o n c lu s io n  o f the  experim en t G roups 1 , 2 , 3 and 4 had 
re s p e c tiv e  means o f 1 1 .6 , 1 1 .4 , 12 .2  and 1 1 .9  rng%. A ga in  
the re  w ere  no s ig n if ic a n t  d iffe re n c e s  be tw een u ro li th ia s is  
cases and others .
P lasma m agnesium  showed c o n s id e ra b le  ir re g u la r ity  and 
no c o n s is te n t p a tte rn  was d e te c te d ,
5 . B lood Urea : The mean urea (+ S .D .)  a t the  com m ence­
m ent o f the  expe rim en t was 1 8 .3  + 7 .4  mg%. A t th e  c o n c lu s io n  
th e  fig u re s  showed no s ig n if ic a n t d iffe re n c e s  be tw een  groups 
(Tab le  3 6 ),
6 o W a te r In ta k e  and U r in a ry  Volume : The va lue s  g iv e n  in  
T ab le  37 in d ic a te  th a t the w a te r in ta ke  w as v e ry  s im ila r  on. hay 
and on co n ce n tra te  fe e d in g , and l ik e w is e  o n ly  m inor d iffe re n c e s  
w e re  no ted in  the u rin a ry  o u tp u t.
1
G r o 
2
u p s
3 4
1964 2086 1836 1549
582 587 526 482
30 28 28 41
T a b le  37 : W a te r C onsum ption  and U r in a ry  Volum e du rin g  H ay 
and C o n ce n tra te  Feeding (m3/day) : M ea n  Values
_ C o n tro l
(Hay)
W a te r  17 88
U rin e  512
U rin e  Volum e 
W a te r  Volum e
I f  the  u r in a ry  vo lum e is expressed  as a pe rcen tage  o f the  
w a te r in ta k e , ve ry  l i t t le  d iffe re n c e  Is observed  between, g ro up s , 
o r be tw een  2 type s  o f fe e d in g .
H o w e ve r, i f  the  fig u re s  are exp ressed  on a b a s is  o f b o d y -  
w e ig h t,  a n im a ls  on con ce n tra te  in  G roups 1, 2 and 3 drank 
s ig n if ic a n t ly  le ss  than  w hen th e y  w ere  on hay fee d in g  (p*<^0.05) 
The d iffe re n c e  fo r  G roup 4 is  no t s ig n if ic a n t .  C o n s id e rin g  the 
u rin e  vo lum e on the same m l/k g  b a s is ,  th e  d iffe re n c e  betv^/een 
u rin e  vo lum e on hay and con cen tra te  fe e d in g  is  s ig n if ic a n t  fo r  
a l l  groups (p -<C0 « 05) «
7 o H a em a to lo gy  : A t s la u g h te r, b lo o d  sam ples w ere  a ls o
c o lle c te d  in  E„D«T»Ao tubes fo r e s tim a tio n  o f h a e m o g jo b u lin ,
ft
packed  c e l l  vo lum e  (PCV), to ta l and d i f fe re n t ia l w h ite  c e l l  
c o u n t.
O f th e  2 5 sa m p le s , 3 c lo t te d ,  17 w ere from  u r o l i th ia s is -  
c o n ta in in g  a n im a ls  and 5 from  n e g a tive  a n im a ls . There w as 
no s ig n if ic a n t  d iffe re n c e  in  th e  Hb c o n c e n tra t io n , PCV, to ta l or 
d if fe re n t ia l w h ite  c e l l  coun ts  be tw een th e  2 groups (Table 3 8 ).
T ab le  38 : PIb C oncen t r a t io n , PCV, T o ta l W h ite  C e ll and 
D i f fe re n t ia l C ounts o f 17 I Jr o l i t h ia s is  .Animals 
and 5 N e g a tive  A n im a ls
U ro lith ia s is  +ve U ro li th ia s is  -ve  
(17 a n im a ls ) (5 a n im a ls )
Hb (mean and range) . , .
/  T ^  1 1  c O  i l l  - l o j  l O o U  1 ^ 1  -  J. o  )g /1 0 0  m l
PCV % /100 m l 34 (29 -  38) 39 (34 -  46)
T o ta l W B C /c u .m m  9 .5  (6 -  17) 9 (6 -  13)
% n e u tro p h ils  28 (1 -  73) 22 (16 -  33)
8 . Exam ination, o f U rin e  a t Post M ortem  : S te r ile  sam ples 
o f b la d d e r u rin e  o b ta in e d  a t s la u g h te r from  8 a n im a ls  re ve a le d  
the  fo llo w in g  o rgan ism s on c u ltu re  ;
S ta p h y lo c o c c i, co a g u la se  n e g a tive  (a l l sam ples) 
c o l i  (2 sam ples)
N o n -h a e m o ly tlc  s tre p to c o c ii (1 s a m p le ).
None o f these  is o la te s  w e re  con s id e re d  l ik e ly  to  be o f
s ig n if ic a n c e .
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9 . K id ne y  S ize : A fte r  con cen tra te  fe e d in g , a l l  6 n o n -
c a lc u lu s  cases v a r ie d  b y  2 .5  g o r le s s , w h ile  6 o f 13 c a lc u lu s  
cases v a r ie d  b y  more than  th is  am oun t. The mean (and S .D .)  
o f the  2 groups w as 1 .2  + 0 .8  g and 2 «5 + 1^8 g . The 
d iffe re n c e  is  in s ig n if ic a n t .
1 0 . C l in ic a l  F e a tu res , P a tho logy and B io c h e m is tiy  o f 
2 O b s tru c tiv e  Sheep and 1 Sheep dy ing  o f O th e r C auses :
C ase 26 69 5 /3 6  : T h is  a n im a l d ied  su d d e n ly  a f te r  39 days 
o f co n ce n tra te  fe e d in g  (Group 3 ). D eath  w as co n s id e re d  due 
to  uraem ia fo llo w in g  rup tu re  o f the  b la d d e r.
C ase 26 69 5 /2 3  : T h is  a n im a l was seen to  be d u l l  on the  
89th day o f co n ce n tra te  fee d in g  (Group 4 ) . The head was h e ld  
lo w , the  re s p ira to ry  ra te  w as 6 0 /m inute and the re  w as to ta l 
a n o re x ia . The pen is  w as d i f f ic u l t  to  ex trude  and w as s w o lle n  
in  th e  d is ta l 18 cm to  a d iam e te r o f 5 cm (norm a l 2 cm ). U rin e  
d ripp ed  from  th e  t ip  o f the  g Ia n s , and not from  the  t ip  o f the 
ve rm ifo rm  appendage, in  the  base o f w h ic h  a c a lc u lu s  co u ld  be 
p a lp a te d . The a n im a l was s t i l l  a b le  to  s tand  a t 3 .3 0  p .m . the  
same day and d ied  a t 4 p .m . Furthe r d e ta ils  on the  p a th o lo g y  
o f th e se  cases are now g iv e n .
C ase 36 : Both k id n e ys  showed e x te n s iv e  d e g e n e ra tive
c h a n g e s . The w e ig h t and d im ens ions w ere  ;
W e ig h t (g) D im e n s ions (cm)
R igh t k id n e y  66 7 c 5 x 4 x 3
L e ft k id n e y  62 7 .0  x  4 x  3
Each co n ta in e d  la rge  numbers o f c a lc u l i  up to  3 x  2 mm,
o ccu p y in g  s e v e ra l c a lic e s ,  a l l  w h ite  in  c o lo u r .  B io c h e m ic a l
and m ic ro s c o p ic  exa m in a tio n  showed th a t th e y  c o n s is te d  o f
m agnesium  ammonium phosphate (s tm v ite )  w ith  l i t t l e  am orphous
m a te r ia l.
The b la d d e r w a l l  rup tu re  had le d  to  e x tra v a s a tio n  o f u rin e  
d o rs a lly  a long  the  le f t  p e r iu re te ra l reg io n  to  in v o lv e  the  le f t  
p e r ire n a l area . The le f t  u re te r was o cc lu d e d  b y  an a cu te  
in fla m m a to ry  re a c tio n  near the u re te ra l o r i f ic e .  The r ig h t 
u re te r w as d ila te d  and p a te n t.
The b la d d e r showed some d is c o lo u ra tio n  from  pos t mortem 
ch a n g e .
The pen is  appeared re la t iv e ly  norm al e xce p t fo r  one 
c a lc u lu s  lodged  in  th e  extrem e t ip  o f th e  appendage and one or 
tw o  s m a lle r , non “ O bstructing  c a lc u l i  in  the  pen is  b e lo w  the  
s ig m o id  f le x u re .  The k id n e ys  and b la d d e r w ere  u n s u ita b le  fo r  
h is to p a th o lo g lc a l e xa m in a tio n .
C ase 23 K id ne y  m easurem ents w ere  :
W e ig h t (cm) D im e n s io n s  (cm)
R ight k id n e y  175 1 1 x 7 x 5
L e ft k id n e y  180 1 0 x 7 x 5
The gross s w e llin g  o f the  k id n e ys  w as a s s o c ia te d  w ith  b i la te ra l
p e r ire n a l oedema and probable  u rine  around the  le f t  k id n e y , from
w h ic h  th e  ca p su le  w as o n ly  separa ted  w ith  g re a t d i f f ic u l t y .  The
o u te r c o r t ic a l su rfa ce  showed many p a le  y e llo w  specks 1 -3  mm
in  d ia m e te r. On s e c tio n , the  le f t  k id n e y  show ed s im ila r
le s io n s  th ro ug hou t the  c o r te x . There w as a sub c a p s u la r
f ib r in o u s  e xu d a te . G ross hyd ronephros is  o f the  le f t  k id n e y  had
re s u lte d  in  the  co rte x  fo rm ing  a band v a ry in g  from  7 -1 7  mm in
w id th o  The e p ith e liu m  o f the  p e lv is  w as b r ig h t s c a r le t . A bout
6 f la k y  c a lc u l i  m easuring  2 x 3  mm w ere  recove red  (P la te  6 ).
The r ig h t k id n e y  showed e a rly  h y d ro n e p h ro s is . The m ed u lla ry
w id th  w as 3 tim es  th a t on the  le f t  k id n e y .  There was s im ila r ,
b u t fe w e r n o d u le s . A la rge  in fa rc t was p re s e n t. A fev7 c a lc u l i
w ere  v is ib le ,  the  la rg e s t b e in g  4 x 4  mm (P la te  7 ),
The b la d d e r con ta in e d  300 m l y e llo w  u r in e , w ith  a few  b lo o d
c lo ts  and c e l lu la r  d e b r is , and some p a r t ic le s  o f s a n d - lik e
m a te r ia l ( i . e .  c a lc u l i  under 1 mm lo n g ) .
The d o rs a l su rface  o f the  pen is  w as v e ry  in fla m e d  in  the  d is ta l
20 cm and th e re  w as an oedem atous re a c tio n  a lo n g  the  w h o le
p re -s ig m o id  p o r t io n .
H is to lo g ic a l ly  th e  fo c i in  the  re n a l co rte x  w e re  a b s c e s s e s , 
c h a ra c te ris e d  b y  th e  presence o f ve ry  la rge  num bers o f p o ly ­
morphs in  th e  cen tre  o f fo c i o f n e c ro s is .  S ec tions  o f the  
m ucosa o f b la d d e r and ure thra  showed s im p le  c o n g e s tio n *  
Tab le  39 sum m arises the  p a th o lo g ic a l data o f th e se  2 c a s e s . 
T ab le  39 ; P a th o lo g ic a l D e ta ils  o f 26695 /3 6  and 26695 /23
A bdom ina l 
u rin e  (ml)
A bdo m ina l
c a lc u l i
S ite  o f 
u r in a ry  t ra c t  
rup tu re
K id ne ys
U re te rs
B ladde r
U re th ra
36
A bout 1500 
(re trop e rito n e a  1)
None
B ladder
le f t  la te ra l w a ll  
2 X  0 .5  c m
E n la rg e d , f la b b y ; 
b i la te ra l c a lc u l i
L e ft u re te r 
occ lu d e d
L o c a lis e d  
haem orrhage a t 
rup tu re  s ite ; 
e x te n s iv e  pe tech iae
M u ch  extra  va sated 
b lo o d  in  lum en 
b e lo w  s ig m o id  
f le x u re ; severe 
c o n g e s tio n
23
None
N one
? le f t  re n a l u re te ra l 
ju n c t io n
Very e n la rg e d , p e r ire n a l 
O edem a, b i la te ra l c a lc u l i
M i ld  d i la ta t io n  and 
c o n g e s tio n ; u re te ra l 
c a lc u l i  ( r ig h t s ide )
D ila te d  (300 m i); 
c o n g e s tio n , frank  
haem orrhage a t n e ck , 
c a lc u l i
B lood and c e l lu la r  deb ris  
b e lo w  isch iu m ; g Ians pen is  
v e ry  in fla m e d , w ith  c a lc u lu s  
in  appendage
C ase 23 : B io c h e m is tiy
B io c h e m ic a l e xa m in a tio n  o f p lasm a from  th is  sheep on th e
day o f i l ln e s s ,  sam pled 5y hours be fo re  d e a th , show ed the
fo l lo w in g  a b n o rm a lit ie s  : urea 21 9 .6  mg%. M g  4 .4  mg%,
P 4 .4  mg%. O ther e s tim a tio n s  (Oa 11 ,7  mg%, p ro te in  7 .5  mg% 
and Ma 148 m eq /L ) w ere  cons ide red  no rm a l.
U rin e  ta ke n  by  b la d d e r puncture im m e d ia te ly  a f te r  death 
gave th e  fo llo w in g  va lues  ; Ga 2 .1  mg%. M g  8 .0  mg%, P 2 .6  
mg%, urea 1 ,2  mg%, p ro te in  121,5  mg%.
The u rin e  sam ple con ta in ed  la rge  numbers o f organ ism s 
and a m oderate number of red c e l ls .
C ase 26695 /46  ; D eath  from O ther Causes
A fu r th e r a n im a l (in  the  concen tra te  group) w as s la ugh te re d  
on a cco u n t o f u n th r if t in e s s .  No p re c ise  d ia g n o s is  w as m ade. 
The o n ly  obv ious  b io c h e m ic a l a b n o rm a lity  ju s t  be fo re  s la u g h te r 
w as a v e ry  e le va te d  plasm a Ino rgan ic  phosphate  o f 15 .3  mg%, 
u n a sso c ia te d  w ith  a ra ise d  b lo o d  urea (norm al a t 16 m g% ). The 
phospha te  va lu e s  o f th is  lamb had fre q u e n tly  been v e ry  lo w  and 
in  th e  6 p re v io us  w eeks had been as fo llo w s  ; 4 .3 ,  4 .6 ,  4 .0 ,  
9 .9 ,  4 .4  mg%o F ive  of these  va lues  w ere a t le a s t 2 mg% be lo w  
a l l  o th e r a n im a ls  o f the  sam.e g roup .
A t p o s t mortem exa m in a tio n  no cause fo r  the  lo ss  o f c o n d itio n  
w as a p p a re n t. The v isce ra  appeared no rm a l. Both k id n e ys  
co n ta in e d  a few  s m a ll c a lc u l i .  The kidneyS; w ere  d u l l  b row n
and th e  p e lv is  con ta in ed  some g e la tin o u s  m a te r ia l.  They w ere  
no rm a l on h is to p a th o lo g lc a l e xa m in a tio n .
1 1 . G ross P a tho logy : A b n o rm a litie s  were found in  5 
a n im a ls  on g ross exa m in a tio n  of the  u r in a ry  t ra c t  ( c a lc u l i  +ve 
b i la te r a l) .  The k id n e ys  o f n o . 6 on s e c tio n  w o re  a s l ig h t ly  
m o ttle d  g re y  c o lo u r .  The cap su le  separa ted  e a s ily  from  the  
c o r te x . N o changes w ere found on h is to lo g y .
Sheep n o . 16 (c a lc u li +ve b ila te ra l)  show ed changes in  the  
le f t  u re te r w h ic h  w as s l ig h t ly  d ila te d  a t th e  re n a l-u re te r ic  
ju n c t io n ,  and the  b la d d e r and u re th ra . The b la d d e r co n ta in e d  
a few  s m a ll c a lc u lu s  p a r t ic le s .  The appendage w as a lm o s t 
t o ta l ly  o b s tru c te d  a t its  t ip  b y  a sm a ll c a lc u lu s  abou t 2 x 1  mm. 
W hen p ressu re  b y  a w a te r - f i l le d  sy rin g e  w as a p p lie d  b e h in d  the  
appendage , w a te r  d ripped  ve ry  s lo w ly  from  th e  t ip  (one drop per 
se co n d ), i . e .  pa s t the  o b s tru c tio n . The more p o s te r io r  p o rtio n  
o f th e  appendage b a llo o n e d  g ro s s ly .  The b la d d e r co n ta in e d  
300 m l o f u r in e .
Sheep n o . 19 (-v e  c a lc u li)  showed d is c re te  2 mm d iam e te r 
y e llo w  nodu les d is tr ib u te d  e ve n ly  th roug hou t th e  co rte x  o f bo th  
k id n e y s .  In  a d d it io n ,  there w ere f in e  y e llo w  s tre a ks  run n ing
JL w  #
th ro ugh  th e  co rte x  in to  the  m e d u lla . On h is to lo g y  these  
le s io n s  proved to  be p y e lo n e p h r it ic , the re  b e in g  m u lt ip le  sm a ll 
abscesses  th ro ug hou t the  co rte x  and d e s tru c tio n  o f c o lle c t in g  
nodu les w ith  severe n e cro s is  and a n e u tro p h ilic  re a c t io n .
The b la d d e r o f sheep n o . 32 con ta ined  a few  s m a ll c y s t ic  
c a lc u l i  b u t the re  w as no re a c tio n  in  the  e p ith e liu m ; case  33 
w as s im ila r .  Both had re n a l c a lc u l i .
C o n c e n tra te  F e e d in g -
Sheep n o s . 23 and 36 are  exc luded  s in c e  th e ir  re n a l 
pa th o lo g y  is  d e sc rib ed  e lse w h e re . Four o f th e  6 sheep w h ic h  
d ie d  from p a s te u re lla  pneum onia had k id n e ys  w h ic h  showed 
e x te n s iv e  degene ra tion  and w ere u n su ita b le  fo r  h is to lo g y  {20,
29 , 31 , 3 4 ). One o f the  o thers (41) co n ta in e d  no c a lc u l i  b u t 
showed an acu te  p y e li t is  in  the  le f t  k id n e y  w ith  a severe 
lo c a lis e d  in fla m m a to ry  le s io n  in  the p e lv ic  e p ith e liu m , 
n e u tro p h il in f i l t r a t io n  and n e c ro s is . The r ig h t k id n e y  had an 
in fla m m a to ry  exudate  in  se ve ra l d ila te d  tu b u le s  o f the  ascend in g  
loop  o f H e n le  and in  the c o lle c t in g  d u c ts , th e  p r in c ip a l areas 
b e in g  near the  c o rt ic o -m e d u lla ry  ju n c t io n .  The k id n e ys  o f 
n o . 40 w ere no rm a l.
Three o f 5 a n im a ls  w ith o u t c a lc u l i  had no rm a l k id n e y s  
m acro -  and m ic ro s c o p ic a lly  (13 , 28 , 37 ). One a n im a l (15 ), 
though th e re  w as no ev idence  g ro s s ly , h is to lo g ic a l ly  showed 
m ild  hyd ron eph ro s is  o f one k id n e y  w ith  d i la ta t io n  o f numerous 
c o l le c t in g  tu b u le s .  The o th e r a n im a l (19) show ed an 
e o s in o p h ilic  exuda te  in  se ve ra l o f the  la rg e r c o l le c t in g  tu b u le s , 
w ith  no re a c tio n  in  the  re n a l su b s ta n ce .
H is t o lo g ic a l  F in d in g s
No h is to lo g ic a l changes w ere found in  10 o f th e  2 0 sheep* 
C ase 30 show ed an acu te  c o r t ic a l in te r s t i t ia l  n e p h r it is ,  w ith  
a b s c e s s a tio n  and areas o f n e c ro s is *  There w as a ls o  h y p e r­
p la s ia  o f b ranches o f the  re n a l a r te ry , a r te r ia l e n d o th e lia l 
p ro li fe ra t io n ,  and p e r iv a s c u la r c u f f in g . A second s e c tio n  o f 
th e  same k id n e y  showed m ild e r changes c o n fin e d  to  th e  c o ite x ,  
w ith  some c e l lu la r  in f i l t r a t io n *
S m a lle r and more sca tte re d  inflammatory^’ fo c i w ere  found in  
th e  c o rte x  o f 8 fu r th e r cases (10 , 11 , 14, 33 , 38 , 41 , 4 3 , 4 5 ). 
Tuloular n e c ro s is  w as seen in  2 cases (18 , 3 3 ). T u b u la r 
d i la ta t io n  w as de tec ted  in  2 ca se s , u n a sso c ia te d  jv ith  any  
o th e r a b n o rm a lity . H yd ronephros is  had no t been apparen t 
gros s ly .
C ase 32 p resen ted  a ca lc iu m  or phosphate  d e p o s it on the  
re n a l p a p illa e  o f one k id n e y . Th is  a n im a l a ls o  had re n a l 
c a lc u l i  in  the  same k id n e y . One case  (41) had an acu te  
in fla m m a to ry  focus on the  p a p illa ry  bo rde r w ith  e x te n s iv e  
t is s u e  d e s tru c tio n , and an o the r sec tio n  show ed In fla m m a to ry  
exudate  in  s e v e ra l d ila te d  c o lle c t in g  tu b u le s . T h is  w as 
c la s s if ie d  as p y e l i t is .
P y e lit is  and p y e lo n e p h rit is  w ere seen to g e th e r in  one 
case  (43 ).
F o ca l areas o f c o r t ic a l de ge ne ra tio n , u n a sso c ia te d  w ith  
any  in fla m m a to ry  response w ere found in  case  11, w h ic h  a ls o  
showed h yp e ra e m ia .
Four an im a ls  had prom inen t d e p o s its  o f h y a lin e  m a te r ia l 
in  the  c o r t ic a l tu b u le s  (6, 9, 12, 19) b u t m ost a n im a ls  had 
s m a lle r  q u a n tit ie s  o f s im ila r  s ta in in g  m a te r ia l,  w ith o u t 
ev id e n ce  o f an in fla m m a to ry  fo c u s .
D is c u s s io n
For the  f i r s t  t im e  in  th is  se rie s  o f exp e rim en ts  an a tte m p t 
w as made to  de te rm ine  w he the r c a lc u l i  co u ld  be recovered  pos t 
mortem from  sheep w h ic h  had o n ly  been fed  h a y . I t  is  im p o s s ib le  
to  s ta te  a b s o lu te ly  th a t these  c a lc u l i  w e re  no t p resen t a t the  
com m encem ent o f the  e xp e rim e n t. S ince the  c a lc u l i  a re  l ia b le  
to  be re la t iv e ly  ra d io - tra n s lu c e n t in  sheep , due to  the  low  
c a lc iu m  c o n te n t, th e y  do no t show up w e l l  on ra d io g ra p h y  o f the  
k id n e y *  Any d e ta il is  m asked b y  th e  o v e r ly in g  rumen and its  
c o n te n ts , and even s ta rv a tio n  fa ils  to  g iv e  c o n d it io n s  s u ita b le  
fo r  u s e fu l ra d io g ra p h s . S u rg ica l e x p lo ra tio n  o f the  re n a l p e lv is  
in  sheep is  d i f f ic u l t  under any c o n d it io n s , due to  the  depth  a t 
w h ic h  th e  k id n e y s  are lo ca te d  d is ta n t from  a m id lin e  lapa ro tom y 
w ound and due to  the  in te rve n in g  rum en. Surgery w o u ld  be 
l ia b le  to  le ad  to  some f ib ro s is  and p o s s ib le  im p a irm e n t o f re n a l 
fu n c tio n  *
The b e l ie f  th a t th e  k id n e ys  o f th e  sheep in  th is  expe rim en t 
w ere  free  o f c a lc u l i  in i t ia l ly  re s ts  on the  fo llo w in g  e v id e n c e . 
F ir s t ly ,  the  sheep w ere ob ta ined  from v a rio u s  h i l l  farm s w here 
th e y  had spen t a l l  b u t the la s t days a t g rass . S e co n d ly , none 
o f th e  s u p p ly in g  farm ers had noted any u r in a ry  a b n o rm a lity  in
a n y  sheep in  the  groups from  w h ic h  the  e x p e rim e n ta l an im a ls  
w ere  d raw n* T h ird ly ,  the  te x tu re  o f the  c a lc u l i  a t s la u g h te r 
w as s o ft and c ru m b ly , sug ges ting  th a t th e y  had form ed 
re la t iv e ly  ra p id ly ,  i . e .  re c e n t ly .  F o u rth ly , the  e v id e n ce , 
p re v io u s ly  p re se n te d , th a t few  sheep ke p t ou tdoors and 
appe a ring  to  be h e a lth y , have been found to  have c a lc u l i  a t 
s la u g h te r, suggests  th a t these  sheep w ere  no rm a l sheep in  
th is  p a r t ic u la r  se n se .
In  a n e g a tive  sen se , th e re fo re , the  appearance o f c a lc u l i  
in  sheep fed  hay o n ly  fo r  135 days suggests  th a t co n ce n tra tes  
are  no t an e s s e n tia l fa c to r  in  u ro l i th ia s is .  Though no c a lc u l i  
w e re  found in  some c a s e s , some c a lc u l i  may have form ed and 
have been passed out w ith  th e  norm al u r in a ry  f lo w .
The o the r o b se rva tio n  o f p o s s ib le  s ig n if ic a n c e  on hay 
fe e d in g  is  the  re n a l p a th o lo g y . As in  p re v io u s  e x p e rim e n ts , 
re n a l d ise a se  w as o ften  a ss o c ia te d  w ith  a d iffe re n c e  o f w e ig h t 
be tw een  the  k id n e y s . One case o f hyd ro n e p h ro s is  w as 
observed  b u t s in c e  c a lc u l i  w ere o n ly  p re se n t in  one k id n e y , 
the  na tu re  o f the  ch ro n ic  o b s tru c tiv e  le s io n  is  unce .rta in .
S in c e  no  m e c h a n ic a l fa c to r ,  fo r  e x a m p le  s t r ic tu r e  o r " k in k in g "  
o f th e  u re te r  o r a n  o b s tru c tio n  o f th e  u re te r ic  o r i f ic e ,  w a s  fo u n d
i t  is  p o s s ib le  th a t u re te r ic  c a lc u l i  may have been in v o lv e d  
e a r l ie r  in  th e  e xp e rim e n t.
C e llu la r  in f i l t r a t io n  o f th e  in te r s t i t ia l  areas o f the  co rte x  
may o n ly  be d e te c te d  on h is to lo g y ,  and was no t a s s o c ia te d  
w ith  th e  presence  o f c a lc u l i .  Renal a b n o rm a lit ie s  w ere  
com m oner in  th o se  sheep w ith  c a lc u l i ,  bu t changes w ere  
re la t iv e ly  m ild *. The le s io n  o f g lo m e ru lo n e p h rit is  in  one 
sheep may c o n c e iv a b ly  have le d  to  la te r  w id e sp re a d  areas o f 
c o r t ic a l f ib ro s is  and u ra em ia . The a e tio lo g y  o f g lo m e ru lo ­
n e p h r it is  is  obscure  in  man and an im a ls  though  h y p e rs e n s it iv ity  
had been  sugges ted  to  p la y  a ro le  in  pa tho genes is  and 
e x p e rim e n ta l m odels in  la b o ra to ry  a n im a ls  have in v o lv e d  group 
A S tre p to c o c c a l in fe c t io n s  (Rammelkamp, 1967 ).
The re s u lts  o f th e  second part o f the  expe rim en t (con cen tra te  
fe e d in g ) shou ld  be com pared w ith  tho se  found in  th e  p re v ious  
e xp e rim e n t, s in c e  h igh  ca lc iu m  in ta k e s , and h ig h  Ga : P ra tio s  
w ere  a fe a tu re  o f 2 g ro u p s . W h ile  2 fa ta l case s  deve loped  
■from o b s tru c te d  u ro l i th ia s is ,  the d is tr ib u t io n  o f a n im a ls  w ith  
c a lc u l i  w as a p p a re n tly  q u ite  random th ro ug hou t th e  4 g ro u p s , 
reg a rd le ss  o f the  Ca in ta ke  and the  le v e l o f co n ce n tra te  
fe e d in g , ju s t  as in  the  p rev ious  e xp e rim e n t. The in c id e n c e
o f c a lc u l i  w as  s l ig h t ly  h ig h e r o v e ra ll,  81% com pared w ith  76%^
As in  p re v io u s  e xp e rim e n ts , no re la t io n s h ip  w as found 
b e tw e e n  w e ig h t g a in  and th e  occu rrence  o f u r o l i t h ia s is , w h ic h  
appears th e re fo re  to  have no d e tr im e n ta l e f fe c t u n t i l  c l in ic a l  
o b s tru c t io n , o r c h ro n ic  c y s t i t is  (w h ich  w as no t seen in  any 
a n im a l) d e v e lo p s .
The r is e  in  p lasm a phosphorus is  a ttr ib u te d  to  th e  
c o n s id e ra b le  in c re a se  in  th e  phosphorus in ta k e .  The 
p e rs is te n t ly  h ig h  va lue s  are  s u rp r is in g  in  v ie w  o f th e  v e ry  
h ig h  c a lc iu m  in ta k e  su s ta in e d  fo r  some m on ths , w h ic h  
n e v e rth e le s s  had o n ly  a m in o r, and n o n -s ig n if ic a n t  e f fe c t on 
th e  p lasm a c a lc iu m  le v e ls .
The w a te r in ta k e  on hay fe e d in g  w as a lm o s t do ub le  th a t 
o f th e  sheep in  th e  p rev ious  e xp e rim e n t, and the  s ig n if ic a n c e  
o f th is  is  no t kn o w n * I t  canno t be a t t r ib u ta b le  o n ly  to  the  
s l ig h t ly  la rg e r s iz e  o f the se  a n im a ls *  On co n ce n tra te  
fe e d in g  the  in ta k e  v a r ie d  l i t t l e ,  as in  the  e a r lie r  e x p e rim e n t, 
and th e  u r in a ry  vo lu m e s , exp ressed  as pe rcen tages  o f th e  
waîer in ta k e  show ed l i t t l e  v a r ia t io n  from one group to  a n o th e r, 
w hereas in  experim en t 4 th e  va lu e s  had show n g re a t ch a n g e s .
The ty p ic a l cases o f o b s tru c tiv e  u r o l i th ia s is ,  w h ic h  
o ccu rred  in  th is  e xp e rim e n t, w ere sudden in  on se t and i t  w as 
n o t p o s s ib le  to  fo llo w  the  b io c h e m ic a l changes from  th e  v e ry  
onse t o f o b s tru c tio n *  Before o b s tru c tio n  o c c u rre d , the re  
w e re  no a b n o rm a lit ie s  d e te c te d  in  p lasm a m in e ra ls  reco rded  
in  th e  re g u la r sam p ling  p rocedures*
The p resence  o f m ic ro a b sce sse s , and th e re fo re  a p y e lo ­
n e p h r it is ,  p rovoked  the  e xa m in a tio n  o f b lo o d  fo r  hae m a to lo g y  
a t p o s t mor1:em, in  an a ttem p t to  co rre la te  a b n o rm a lit ie s  in  
th e  w h ite  c e l l  p ic tu re  w ith  th e  presence o f c a lc u l i ,  and w ith  
le s io n s  o f p y e lo n e p h r it is  in  th e se  sheep . Though s e v e ra l 
cases o f fo c a l in f i l t r a t io n  b y  po lym orphs w e re  found  on 
h is to lo g y ,  th e se  w e re  i n  a n im a ls  bo th  w ith  and w ith o u t 
c a lc u l i*  The absence  of a corre la tion w ith  th e  w h ite  c e l l  
co u n t sugge s ts  th a t these  fo c i w ere in s ig n if ic a n t ,  as fa r  as 
th e  s y s te m ic  re a c tio n  was con ce rned .
D .  RENAL PATHOLOGY
T w e n ty - f iv e  m ale sheep w ere  exam ined p a th o lo g ic a lly  in  a 
5 -y e a r  p e r io d , ou t o f a to ta l o f 35 sheep re c e iv e d  in  th e  
Surgery D epa rtm en t o f G lasgow  U n iv e rs ity  V e te r in a ry  H o s p ita l,  
and a ffe c te d  w ith  u ro l i th ia s is .
The m a te r ia l from  5 an im a ls  w as u n s u ita b le  fo r  h is to lo g ic a l ‘ 
e xa m in a tio n  as th e  an im a ls  had d ied  some hours p re v io u s ly  
and the  ca rca ss  w as p a rtly  decom posed. W h ile  th e  g e n e ra l 
ch a n g e s , to g e th e r w ith  the  c l in ic a l  h is to ry  o f th e se  c a s e s , 
have been p u b lis h e d  e lsew here  (W eaver, 1969), d e ta ils  o f the 
re n a l f in d in g s  are  g ive n  and d is c u s s e d  in  re la t io n  to  the  
f in d in g s  in  e xp e rim e n ta l cases o f th is  w ork * D e ta ils  o f th e  
20 cases s u ita b le  fo r  exa m in a tio n  are  as fo llo w s *
C ase 17309
The le f t  k id n e y  was surrounded b y  an area o f g e la tin o u s  
m a te r ia l,  u rin e  and haem orrhage. The k id n e y  show ed a 
severe  p y e lo n e p h r it is  w ith  n e c ro tic  areas up to  5 mm in  d ia m e te r, 
d is tr ib u te d  th ro ug hou t the c o rte x  and m e d u lla . One n e c ro tic  
area had rup tu red  to  g iv e  a com m un ica ting  t ra c t  from  re n a l p e lv is  
to  th e  e x te r io r  o f the  c o r te x , on top  o f w h ic h  w as a u r in e - f i l le d
p s e u d o -c y s t,  form ed due to  adhes ions produced b y  a 
su rro un d ing  p e r i to n it is .
The r ig h t k id n e y  was s im ila r ly  a ffe c te d  w ith  p y e lo n e p h r it is , 
No re n a l c a lc u l i  w ere  fo u n d .
(O ther f in d in g s  ; severe c y s t i t is ;  severe u re th r i t is .
Is c h ia l u re th ro tom y 10 days p re v io u s ly ) .
C ase 19545
Both k id n e ys  w ere  g ro s s ly  en la rged and w ere  a ffe c te d  w ith  
seve re  c h ro n ic  p y e lo n e p h r it is . L e ft k id n e y  w e ig h e d  650 g 
(15 X 11 X 8 cm ), r ig h t k id n e y  550 g (12 x  11 x  8 cm ). The 
re n a l ca p su le  w as th ic k e n e d  and f irm ly  adhesed to  the  c o r te x . 
Both c o r t ic a l su rfa ces  were rough and p itte d  b y  areas o f 
f ib r o s is .  Both k id n e ys  showed severe h yd ro n e p h ro s is  and 
a tte n d a n t pus and t is s u e  deb ris  f i l le d  the  p e lv is .  The cu t 
su rfa ce  o f the  k id n e y  w as d a rk , m o ttled  b y  d iffu s e  g re y  areas 
w ith  ra d ia l s tre a k in g . The c o r t ic o -m e d u lla ry  ju n c t io n  was 
i l l - d e f in e d .  H is to lo g y  reve a led  severe le s io n s  o f c h ro n ic  
p y e lo n e p h r it is  and fresh  areas o f acu te  in fla m m a tio n , n e c ro s is  
and a b s c e s s a tio n  a lte ra t io n  in  bo th  m edu lla  and c o rte x *
C a se  19597
The k id n e y s  showed e a r ly  h yd ro n e p h ro s is , th e  le f t  b e in g  
surrounded by  u rin e  and g e la tin o u s  m a te r ia l.  S ize and w e ig h t 
w ere  no t re co rd e d . No in tra re n a l c a lc u l i  w ere  fo u n d .
C ase 21591
The k id n e y s  w ere  ve ry  w e t and f la b b y , and no c a lc u l i  w e re  
d e te c te d . M a c ro s c o p ic a lly ,  the  k id n e ys  w ere  norm al b u t 
h is to lo g ic a l e xa m in a tio n  showed nephros is  o f the  p ro x im a l 
co n vo lu te d  tu b u le s , to g e th e r w ith  s lig h t  p e r ig lo b u la r  f ib r o s is .
(O ther f in d in g s  : m oderate haem orrhag ic  c y s t i t is  and 
u re th r i t is ) .
C ase 21632
Both k id n e ys  showed lo c a lis e d  areas o f n e c ro s is  in  the  
c o rte x , c h a ra c te ris e d  b y  fo c i o f n e u tro p h ils ,  c o n g e s tio n  and 
haem orrhage *
(O ther f in d in g s  : acu te  haem orrhag ic  c y s t i t is ;  acu te  
u re th r it is ;  acu te  u re th ra l o b s tru c tio n ) *
C ase 20353
The p e lv ic  es o f bo th  k id n e ys  co n ta in e d  num erous sm a ll 
c a lc u l i ,  up to  2 mm lo n g , in te rsp e rse d  be tw een  the  c a ly c e s .
The k id n e y s  appeared c o n g e s te d . H is to lo g y  re ve a le d  areas 
o f haem orrhage in  the  c o rte x  and p e lv is ,  s l ig h t  in te r s t i t ia l  
n e p h r it is  and some areas o f Von Kossa p o s it iv e -s ta in in g  
m a te ria l in  the c o lle c t in g  tu b u le s  o f th e  m e d u lla .
(O ther f in d in g s  : severe haem orrhage c y s t i t i s , severe 
u ro li th ia s is  w ith  c a lc u l i  in  d is ta l 5 cm ).
C ase  23273
The le f t  k id n e y  w e ig he d  138 g ( 1 0 . 5 x 8 x 3  cm ), the  r ig h t 
k id n e y  132 g (8 .5  x  5 .7  x  3 .5  cm.)* The le f t  k id n e y  w as 
surrounded b y  a mass o f sub p e rito n e a l g e la tin o u s  u rin e *
Both k id n e y s  show ed e a r ly  h y d ro n e p h r it is , and w e re  congested  
No c a lc u l i  w e re  found in  th e  k id n e y s .
H is to lo g ic a l ly ,  bo th  k id n e ys  showed seve re  fo c i o f a cu te  
c o r t ic a l and m e d u lla ry  in fla m m a to ry  re a c t io n , and the re  w ere  
s e v e ra l areas o f in fa rc t io n .  There w as m arked tu b u la r  
d i la ta t io n  and in fla m m a to ry  • dob ris  î w as no ted  in  s e v e ra l 
c o l le c t in g  tu b u le s  .
(O ther f in d in g s  : acu te  u re te r it is ;  severe  c y s t i t is  and 
b la d d e r ru p tu re , w ith  c a lc u l i  in  u re th ra ).
C ase  24746
The le f t  k id n e y  showed s lig h t  hyd ron ep h ro s is  and the  p e lv is  
c o n ta in e d  many (ove r 40) c a lc u l i ,  th e  la rg e s t m easuring  5 x 4  
mm. The c o lo u r w as y e llo w ; th e  c o n s is te n c y  h a rd .
.Both k id n e ys  showed n e p h ro sc le ro s is  w ith  a lo n g s ta n d in g  
in fla m m a to ry  re a c tio n  and o rgan ised  fib ro u s  t is s u e  in  th e  c o rte x  
Polym orphs and s m a ll m ononuclear c e lls  w e re  a s s o c ia te d  w ith  
c o lle c t in g  tu b u le s  in  the  p e lv is .  These f in d in g s  w ere  
in d ic a t iv e  o f c h ro n ic  p y e lo n e p h r it is   ^ Some c o l le c t in g  tu b u le s  
c o n ta in e d  c a lc u l i ,  w h ic h  w ere  c lo s e ly  a s s o c ia te d  v^ith  and 
appeared co n tin u o u s  wdth the  f la tte n e d , th in  and som etim es 
a b se n t e p ith e liu m  o f these tu b u le s . N e p h ro s is  and h y a lin e  
c a s t  fo rm a tio n  w as p re s e n t. P igm en ta tion  w as seen in  the  
cy to p la sm  o f tu b u la r  c e l ls .
(O the r f in d in g s  : o rg a n is in g  ch ro n ic  c y s t i t is  and b la d d e r 
rup tu re  (P la te  8 ), u re th r it is  and g ra n u la tio n  t is s u e  rea c tion ),,
Chse 24852
The r ig h t k id n e y  w as rup tu red  one ye a r p re v io u s ly  and w as 
re m o ve d . No c a lc u l i  w ere de tec ted  in  p e lv is  o r c a ly c e s .  The 
b lo c k s  fo r  h is to lo g y  w ere  a c c id e n ta lly  d e s tro y e d .
The le f t  k id n e y  (128 g , 9 x  6 .5  x  3 .8  cm) show ed a s m a ll 
2 cm lo n g , ir re g u la r  sca r on the  a n te r io r  p o le . H is to lo g ic a l ly ,  
the re  w as severe  in te r s t i t ia l  c o r t ic a l f ib r o s is .  M a n y  tu b u le s  
in  the  area had been des troyed  and in ta c t tu b u le s  co n ta in e d  
p ro te in  c a s ts .  There was some d e s tru c tio n  o f g lo m e ru li,  
w ith  p e rig lo m e ru la r and g lo m e ru la r f ib r o s is . A s l ig h t  mono-" 
n u c le a r c e l l  In f i l t r a t io n  w as a sso c ia te d  w ith  th is  lo c a lis e d  
le s io n  (P la te  9 ). The m edulla  showed s lig h t  f ib ro s is  c lo s e  
to  the  c o r t ic o -m e d u lla ry  ju n c tio n  and a s s o c ia te d  tu b u le s  a ls o  
c o n ta in e d  p ro te in  c a s ts .
The le s io n  w as c la s s if ie d  as ch ro n ic  neph r i t is  as i t  w as 
im p o s s ib le  to  judge  w h e th e r the  le s io n s  w ere  fo c a l,  in te r s t i t ia l  
o r p y e lo n e p h r lt ic  in  c h a ra c te r.
(O ther f in d in g s  : b la d d e r norm al; u re thra  m od e ra te ly  
c o n g e s te d ).
C ase 25337
The le f t  k id n e y  (rem oved 5 days be fo re  death) w e ig he d  309 g 
(1 1 .5  X 9 .7  cm) and co n ta in ed  a few s m a ll c a lc u l i  be tw een  
s e v e ra l c a ly c e s .  Haem orrhage was p resen t around one c a ly x .  
The k id n e y  show ed e a rly  h yd ro n e p h ro s is , co n firm e d
h is to lo g ic a l ly ,  and areas o f m ononuclear lym p h o cy te  and p o ly ­
m orphonuc lea r in f i l t r a t io n  o f the  co rte x  (P la te  10 ), in d ic a t iv e  
o f a m ild  degree o f p y e lo n e p h r it is .
The r ig h t  k id n e y  (109 g , 1 0 x 6 x 3  cm) co n ta in e d  a la rge  
rece n t in fa rc t  in  the  m idd le  o f the  c o rte x  (P la tes 11 , 1 2 ). 
C a lc u lu s  m a te r ia l w as p resen t s im ila r  in  ch a ra c te r to  the  le f t  
k id n e y .  B a c te r ia l c u ltu re  from th e  r ig h t k id n e y  w as n e g a tiv e .
(O ther f in d in g s  : lo c a lis e d  haem orrhag ic  c y s t i t is ;  
co n g e s tio n  and n e c ro s is  o f d is ta l u re th ra ) .
C ase 27345
The le f t  k id n e y  w e ighed  100 g and the r ig h t 90 g m easuring 
abou t 1 0 x 6  c m .
Both k id n e ys  w ere  p a le , s o f t ,  s w o lle n  and m o ttle d  w h ite ,  
w ith  fran k  pus in  the  p e lv is .  There w as b i la te r a l hyd ron ep h ro s is
H is to lo g ic a l ly ,  bo th  k id n e ys  showed d if fu s e  necrosis o f bo th  
c o r t ic a l and m e d u lla ry  t is s u e ,  and a g ra n u lo c y te  and m ono­
n u c le a r c e l l  in f i l t r a t io n ,  e s p e c ia lly  in  the  m e d u lla . There w as 
some post mortem d e c o m p o s itio n . Some re n a l c o l le c t in g  
tu b u le s  w ere  d ila te d  and con ta in e d  c a s ts ,  w h ic h  w ere  m a in ly  
e o s in o p h ilic  in  n a tu re , bu t w h ic h  som etim es co n ta in e d
re f ra c t ! le  m a te r ia l o f d e f in ite  c ry s ta ll in e  s tru c tu re , 
re se m b ling  ca lc iu m  c ry s ta ls .  Von Kossa d id  no t s ta in  th is  
m a te r ia l u n ifo rm ly  b la c k ,  b u t some s ta in  w as in co rp o ra te d  
w ith  th is  m a te r ia l.  C o n c lu s io n  : severe p y e lo n e p h r it is .
(O ther f in d in g s  : p u ru le n t, a lm ost o b li te ra t iv e  u re th r it is ) .
C ase"27659
The le f t  k id n e y  (180 g) was en la rged  to  abou t tw ic e  norm al 
s iz e .  The r ig h t k id n e y  w e ig he d  130 g w h ile  bo th  k id n e ys  
show ed severe  h yd ro n e p h ro s is . Pus w as p resen t in  th e ir  
p e lv ic  e s . The c o r t ic a l su rfaces w ere p a le r tha n  norm al and 
th e re  w ere  la rg e , ir re g u la r ,  w e ll-d e m .a rca te d  p a le r areas o f 
f ib r o s is .  These find ings.w ^ere in d ic a t iv e  o f th e  ch ro n ic  phase 
o f severe  p y e lo n e p h r it is  «
C ase 27831
The le f t  k id n e y  w e ig h e d  l l O g  ( 9 x 6 x 4  cm ), the  r ig h t 
k id n e y  108 g (8 x  6 x  4 c m ). M acro s  co p ica  l l y  bo th  k id n e y : 
w e re  norma 1. No c a lc u l i  w ere  found in  th e  k id n e y s .  
H is to lo g ic a l ly  the  k id n e y s  w ere n o rm a l.
(O the r f in d in g s  : acu te  haem orrhag ic c y s t i t is  and a cu te  
u r e th r i t is ) .
C a s e  28024
The le f t  k id n e y  w e ig he d  82 g ( 8 . 0 x 4 . 5 x 3 . 3  cm ), the  
r ig h t k id n e y  72 g ( 7 . 5 x 4 . 5 x 3  cm ). The k id n e y s  appeared 
m a c ro s c o p ic a lly  n o rm a l, excep t fo r the  p re sen ce  be tw ee n  the  
c a ly c e s  o f s e v e ra l g rey  c a lc u l i  up to  3 mm lo n g , and s lig h t  
co n g e s tio n  o f th e  le f t  k id n e y .
(O ther f in d in g s  : ch ro n ic  c y s t i t is ;  u re th ra l co n g e s tio n  
and n e c ro s is  p ro x im a lly )  ^
C ase  30465
The le f t  k id n e y  w e ig he d  85 g , the  r ig h t 81 g , and each 
m easured 9 x 6 x 3  cm . The k id n e ys  showed a m oderate 
degree o f hyd ron eph ro s is  and c o n g e s tio n . S m all y e llo w  
c a lc u l i  w e re  found  in  the  p e lv is  o f the  r ig h t k id n e y .
H is to lo g ic a l exa m in a tio n  w as no t p o s s ib le .
(O ther f in d in g s  : b la d d e r was norm al; d is ta l u re th ra  w as 
v e ry  in fla m e d  and n e c ro t ic ) .
C ase  30635
The le f t  k id n e y  w e ig he d  64 g (7 x  5 x  3 cm ), th e  r ig h t 
k id n e y  74 g (8 x  5 x  3 cm ). Both k id n e y s  co n ta in e d  a few  
s m a ll y e l lo w is h  c a lc u l i  and showed s l ig h t  h y d ro n e p h ro s is .
M a c ro s c o p ic a lly  th e y  appeared o th e rw ise  n o rm a l.
H is to lo g ic a l ly ,  the  k id n e ys  showed w ith  PAS s ta in  b r ig h t 
red m asses o f am orphous m a te ria l in  tu b u le s , e s p e c ia lly  
p ro x im a l c o n v o lu te d  tu b u le s . The m a te r ia l w as lo c a te d  in  
th e  cy to p la sm  or in  the  tu b u la r lum en , ne ve r in  bo th  
s im u lta n e o u s ly . Some Von Kossa p o s it iv e  s ta in in g  m a te r ia l 
w as p re s e n t, b u t the  PAS m a te ria l d id  no t s ta in  w ith  Von Kossa
(O ther f in d in g s  : ch ro n ic  c y s t i t is  and n e c ro t is in g  p u ru le n t 
u r e th r i t is ) .
C ase 30644
P a th o lo g ic a l exa m in a tio n  took  p la ce  3 days a fte r  de a th , 
th e  dead a n im a l h a v in g  been ke p t in  a c h i l l .  Post mortem 
d e g e n e ra tio n  w as a d va n ced . The le f t  and r ig h t  k id n e ys  
w e ig h e d  re s p e c t iv e ly  76 g and 74 g .  The r ig h t k id n e y  
p resen ted  an ir re g u la r  su rface  w ith  pa le  areas o f f ib r o s is .  
C a lc u li  w e re  p resen t in  bo th  k id n e y s . H is to lo g y  w as no t 
pe rfo rm ed .
C ase 30710
The le f t  k id n e y  w e ighed  150 g ( 9 x  7 x  4 ,5  cm ), th e  r ig h t 
k id n e y  101 g (9 .5  x  6 .5  x  3 .5  cm ). The r ig h t k id n e y  was
co n g e s te d  and presen ted  s lig h t  h y d ro n e p h ro s is . M easurem en ts  
w ere  as fo llo w s  ;
R igh t K id n e y  L e ft K idney 
W id th  o f co rte x  1 *0  1 .5
W id th  o f m edu lla  1 .5  1 .5
W id th  o f p e lv is  2 .5  2 .0
H is to lo g ic a l ly ,  the re  was n e c ro s is  o f th e  re n a l p a p illa e  in
th e  r ig h t k id n e y , w ith  a r in g  o f haem orrhage de m arca ting  the
n e c ro tic  area (P la te 13 ). There w as p a tch y  in te r s t i t ia l
f ib ro s is  w ith  l i t t le  c e l lu la r  re a c tio n  in  th e  c o rte x *  A v e ty
severe  d iffu s e  f ib ro s is  w as p resen t in  the  c o r t ic o -m e d u lla ry
re g io n , w ith  h y a lin e  cas ts  in  the tu b u le s  (P la te  14) * Th is
w as c la s s if ie d  as fo c a l ch ro n ic  in te r s t i t ia l  n e p h r it is  * The
le f t  k id n e y  w as norm al h is to lo g ic a l ly .
C ase 30859
The k id n e y s  showed a fa ir ly  w id e sp re a d  p u ru le n t n e p h r it is .  
E x te n s ive  areas o f the  c o rt ic e s  w ere  pa le  and in  some o f these  
a re a s , ab scess  fo rm a tio n  w as a p p a re n t. A d d it io n a lly ,  ra d ia l 
s trea ks  o f f ib ro s is  w e re  a p p a re n t. A m ild  degree o f h y d ro ­
n e ph ros is  was a p p a re n t. No c a lc u l i  w e re  fo u n d .
H is to lo g ic a l ly ,  the  k id n e ys  showed th e  c h a ra c te r is t ic  
fe a tu res  o f severe  p y e lo n e p h r it is . The re a c tio n  appeared to  
be  lo n g s ta n d in g , w ith  areas o f ch ro n ic  f ib ro s is  and o th e r 
a reas w here  th e  re a c tio n  w as e x tre m e ly  a c u te . The acu te  
changes w ere e x te n s iv e  w ith  an in te n se  po lym orph  in f i l t r a t io n  
o f the  p e lv ic  m ucosa and subm ucosa b y  in fla m m a to ry  c e lls  
and areas o f f ib ro s is  Opiates 15 - 1 9 ) .
C ase 31041
The le f t  k id n e y  w e ighed  85 g (8 x  5 .5  x  3 cm) and th e  r ig h t 
k id n e y  98 g (8 x  6 x  3 .5  c m ). L e ft and r ig h t k id n e y s  co n ta in e d  
re s p e c t iv e ly  abou t 30 and 5 y e llo w  c a lc u l i ,  m axim um  s iz e  be in g  
2 x 2  ram* No o th e r re n a l a b n o rm a lity  was d e te c te d  m a c ro s c o p ic a lly  
H is to lo g ic a l ly ,  the re  w ere  no s ig n if ic a n t  le s io n s  in  th e  k id n e y s .
(O the r f in d in g s  : b la d d e r had 3 d is c re te  a reas o f n e c ro s is  
and s u p e r f ic ia l haem orrhages; lov\;er u re thra  w as m o d e ra te ly  
in f la m e d ) .
The p r in c ip a l re n a l le s io n s  are  l is te d  w ith  th e  degree of 
u ra e m ia , a b s c e s s a tio n  in  the  u rin a ry  t r a c t ,  and p resence  or 
absence  o f an is c h ia l u re thro tom y w ound (Tab le  4 0 ).
T ab le  40 : The Renal Le s ions  in  2 0 C ases o f U ro lith ia s is  in  re la t io n  to  t he 
D egree o f U raem ia and A b sce ssa tio n  a s s o c ia te d  w ith  th e  U r in a ry  T ra c t and
Presence o f U re th ro tom y W o u nd
C a s e
N o .
R e n a l L e s io n U ra e m ia A b s c e s s a t io n
Is c h ia l
U re th ro to m y
R e n a l
C a lc u l i
17309 p y e lo n e p h r it is -H - f 4 4 4 -
19545 p y e lo n e p h r it is + + + + + + 4 4 4 4 -
21591 c o r t ic a l  n e p h ro s is — *■* —
19597 h y d ro n e p h ro s is + + + -* - --
21632 c o r t ic a l  n e c ro s is H— h " h - - -
20353 in t e r s t .  n e p h r it is  ' — 4*
23272 p y e lo n e p h r it is -H - - 4' —
24746 c h r o n . p y e lo n e p h ritis -i+ H - -f—H" — - 4
24852 c h ro n ic  n e p h r it is - -
25337 py e lo n e  p h r it  i s+ - - -1-
27345 p y e lo n e p h rit is L + -l" _j— j-_ |- 44— 1* 4 —
27659 p y e lo n e p h r it is L + + — 4 -
27831 n o rm a l -1*4-4 — “ -
28024 p y e lo n e p h r it is ^ -f-4—t 4 4 4 4*
30465 no d ia g n o s is 4-4*4 — - 4
30535 h y d ro n e p h ro s is 4'4-l- 4 4 4 4
30644 a t y p ic a l  p y e lo n e p h ritis -H 4 4 4 — 4
30710 fo c a l  in te rs to  n e p h r it is 4*44 — —•
30859 py e lo n e  ph r i t  i  s 4-(*4 4 4 -l- —
31041 n o rm a l 4*44 “ — 4
NoB. P y e lo n e p h ritis  le s io n  is  graded + (s lig h t) ,  ++ (m odera te ), (severe) 
U raem ia Is graded -  (none), + (b lood urea 80 mg% ), +L (2 00 mg%),
L-t-f- (])> 2 00 mg%)
^ UD
D is c u s s io n
The re n a l f in d in g s  in  2 0 cases o f n a tu ra lly  o ccu rr in g  
u ro l i th ia s is  in d ic a te  th a t p y e lo n e p h r it is ,  g e n e ra lly  se ve re , 
a ffe c te d  10 a n im a ls . A fu rth e r case may have been in c lu d e d  
b u t w as c la s s if ie d  as ch ro n ic  n e p h rit is  as a d is t in c t io n  be tw een  
fo c a l in te r s t i t ia l  n e p h rit is  and p y e lo n e p h r it is  w as no t p o s s ib le .  
O th e r cases proved to  have c o r t ic a l neph ros is  and c o r t ic a l 
n e c ro s is ,  and 2 an im a ls  o n ly  showed h y d ro n e p h ro s is . W h ile  
th e  le ss  comm.on le s io n s  may in  part be a t tr ib u ta b le  to  va rio u s  
d ise a se  p rocesses  in  the  k id n e y s , not le a s t th e  severe  uraem ia 
w h ic h  was a s s o c ia te d  w ith  a l l  b u t 2 c a s e s , fu r th e r c o n s id e ra tio n  
is  g iv e n  to  the  p y e lo n e p h r it is  le s io n .
C la s s ify in g  th e  re s u lts  d if fe re n t ly ,  a l l  5 a n im a ls  w ith  a 
p o s te r io r  u re th ro to m y w ound had p y e lo n e p h r it is ,  w h i le ,  
e x c lu d in g  case  24746 w hose c la s s if ic a t io n  is  d o u b tfu l,  4 o f 
th e  rem a in ing  14 cases had p y e lo n e p h r it is ,  and in  2 o f th e se  4 
cases th e  degree w as s lig h t  (+) *
O b s tru c te d  k id n e y s  are ve ry  prone to  in fe c t io n  and th e re fo re  
to  p y e lo n e p h r it is  (Sm ith and Jones, 1961) and in  c a t t le  can 
re s u lt  from  e ith e r  an ascend in g  or descend ing  typ e  o f in fe c t io n ,
w h ile  h yd ro n e p h ro s is  is  a common c o ro lla ry  and is  the  o n ly  
le s io n  m en tioned  in  a s s o c ia tio n  w ith  u ro l i th ia s is  b y  B everidge  
( 1 9 4 2 ) 9  lu b b  and Kennedy (1963) b e lie v e  th a t fo llo w in g  
im p a c tio n  o f u re th ra l c a lc u l i ,  s ta s is  and b a c te r ia l g ro w th , 
in fla m m a tio n  xmy ascend to  b la d d e r, even to  k id n e y s .
N o o th e r d e ta ile d  h is to lo g ic a l reports  have  been fo u n d , 
b u t i t  seems l ik e ly  th a t in fe c t io n  may ra th e r re a d ily  spread up 
from  a u re th ro to m y in c is io n .
From T ab le  40 i t  may a ls o  be seen th a t fra n k  a b s c e s s a tio n  
w as p resen t in  the  u r in a ry  tra c t o f 3 o f 5 a n im a ls  v\/ith a 
p o s te r io r  u re th ro tom y w o u n d . The ab scesse s  v^/ere a d ja c e n t 
and v e n tra l to  th e  u re th ro tom y in c is io n .  In  3 fu r th e r  cases 
a b s c e s s a tio n  w as p re se n t, b u t in  a d if fe re n t lo c u s , around th e  
s ig m o id  f le x u re  and more d is ta l u re th ra . A b s c e s s a tio n  was 
a s s o c ia te d  w ith  p y e lo n e p h r it is  in  5 o f 6 a n im a ls , ag a in  
s u s p ic io u s  ev id e nce  o f an ascend ing  u r in a ry  in fe c t io n *  
H aem atogenous spread canno t be ru le d  o u t, h o w e ve r, s in ce  
4 o f th e  5 a n im a ls  w ith  a b sce ssa tio n  had show n p y re x ia  and 
an in c re a se d  to ta l w h ite  c e l l  count 18000 /cm  mm), 
s u g g e s tiv e  o f pyaem ia sp read .
The know n d i f f ic u l t y  in  u r in a tio n  exp e rie n ce d  fo r  se ve ra l 
w eeks  b y  3 an im a ls  w ith  a p o s te r io r  u re th ro tom y w ound is  
fu r th e r  e v id e n ce  o f p e rs is te n t u r in a ry  s ta s is  and th e  lik e lih o o d  
o f c h ro n ic  c y s t ic  d is te n s io n  and ch ro n ic  u re te ra l d i la t io n ,  so 
th a t c o n d it io n s  may w e ll  have been id e a l fo r  th e  deve lopm en t 
o f an a sce n d in g  in fe c t io n .
B a c te r io lo g ic a l a ttem p ts  a t is o la t io n  o f a s p e c if ic  o rgan ism  
from  v a rio u s  k id n e y s  show ing  p y e lo n e p h rit is  w e re  u n s u c c e s s fu l 
and m ixed  c u ltu re s  in c lu d in g  B . c o l i  ^ s ta p h y lo c o c c i and Proteus 
sp e c ie s  w ere  o fte n  o b ta in e d .
T u rn ing  now from p y e lo n e p h r it is  to  the  g lo m e ru lu s , in  th is  
se rie s  th e  g lom eru lu s  and p e rig lo m e ru la r area rem a ined 
re la t iv e ly  n o rm a l. Two cases showed g lo m e ru la r and p e r i­
g lo m e ru la r f ib ro s is  a s s o c ia te d  w ith  o ther c o r t ic a l le s io n s ,  b u t 
th e se  m in o r changes c o n tra s t sh a rp ly  w ith  th e  rece n t 
o b se rva tio n s  o f Adam esteanu ^  a L  (1969), w ho have c la im e d  
th a t g lo m e ru lo n e p h rit is  was the  predom inant h is to lo g ic a l 
fe a tu re  o f th e ir  se rie s  o f 12 sheep . Th is  g lo m e ru lo n e p h r it is  
w as c h a ra c te ris e d  by  g lo m e ru la r e n d o th e lia l h y p e rp la s ia  and 
a c c u m u la tio n  o f p ro te inaceous m a te ria l in  Bowm an's c a p s u le , 
som etim es a s s o c ia te d  w ith  e n d o th e lia l de squ am a tion * T h e ir
c a lc u l i  w e re , as in  th is  w o rk , p r im a r ily  o f th e  m agnesium  
am m onium  phosphate  v a r ie ty . E gosh in e t a l . (1967) no ted  
p r im a r ily  an in te r s t i t ia l  n e p h r it is  in  u n co m p lica te d  c a s e s . 
I n te r s t i t ia l  t is s u e  co u ld  in  some cases re p la ce  in d iv id u a l 
g lo m e ru li,  and in  o th e rs . Bowm an's ca p su le  becam e d is te n d e d  
w ith  u r in e  as a re s u lt  o f p re ssu re . T ex tbooks  e ith e r  g iv e  no 
d e ta ils  o f m ic ro s c o p ic  le s io n s  in  u ro li th ia s is  (Sm ith and Jones, 
1961), o r c la im  th a t p y e lo n e p h r it is  o r in te r s t i t ia l  n e p h r it is  are 
th e  m ain le s io n s  (Jubb and K ennedy, 1963; B lood  and 
H e nd e rso n , 19 60 ). G lo m e ru lo n e p h ritis  is  s ta te d  to  be rare 
in  a n im a ls  (Blood and H enderson , 1969; Lang ham and H a llm a n , 
1941) and th e  d e s c r ip tio n  o f a ram w ith  g lo m e ru lo n e p h r it is  b y  
Lang ham and H a llm a n  suggests th a t in te r s t i t ia l  n e p h r it is  ’was 
the  p rim a ry  le s io n .
As is  show n in  Tab le  40 , n e ith e r g lo m e ru lo n e p h r it is  no r 
c h ro n ic  in te r s t i t ia l  n e p h r it is  w as a common le s io n  in  the  
S c o ttis h  sh e e p . W h ile  2 an im a ls  had no rm a l k id n e y s  -  tho ug h , 
as in  a l l  c a s e s , c a lc u l i  w ere  found e lse w h e re  in  th e  u r in a ry  
s y s te m r  th e  m ost common le s io n  was a p y e lo n e p h r it is ,  and i t
has been h yp o th e s ise d  th a t in  some cases urogenous spread 
to o k  p la ce  from  a lo w e r s i te .  I t  is  a ls o  p o s s ib le  th a t some 
a n im a ls  had a p y e lo n e p h r lt ic  le s io n  be fo re  th e y  deve loped  
u r in a ry  c a lc u l i ,  and th a t th e  pyogen ic  p rocess f la re d  up as 
a re s u lt  o f fu r th e r re n a l dam age, fo r exa m p le , th e  
deve lopm en t o f a h yd ro n e p h ro s is . I t  is  e v id e n t th a t the re  
is  no e v id e n ce  fo r  a common p a th o lo g ic a l le s io n  in  th is  
g e n is ,  and th a t even re n a l c a lc u l i  do no t form  a co n s ta n t 
fe a tu re  o f sheep w ith  u ro l i th ia s is ,  w hen seen a t po s t mortem 
e x a m in a tio n .
E . C O M PO SITIO N  OF CALCULI
R e s u lts
In  b o th  e xp e rim e n ta l and n a tu ra l cases o f u r o l i th ia s is ,  
th e  c o m p o s itio n  w as p r in c ip a lly  o f ph osp ha te , nam ely  
m agnesium  ammonium phosphate (s tru v ite ) o r m agnesium  
hyd ro  phosphate  -  tr ih y d ra te  (or N e w b ery ite ) as has been 
p re v io u s ly  repo rted  b r ie f ly  (W eaver, 1966 ). The d e ta ile d  
re s u lts  are  g iv e n  in  Tab le  41 * One specim en c o n s is te d  
p r in c ip a l ly  o f c a lc iu m  ca rb on a te , and 2 co n ta in e d  some 
c a lc iu m  o x a la te .
The re s u lts  o f x - ra y  c ry s ta llo g ra p h y  show ed th a t many 
specim ens w e re  n o n -c ry s ta l l in e .  The x - r a y  photographs 
show ed no sharp l in e s ,  b u t o n ly  the  d iffu s e  band w h ic h  is  
a lw a y s  g iv e n  b y  D u ro f ix .  I t  seems the  m a te r ia l m ust be made 
o f some am orphous substance  w h ich  co u ld  no t be id e n t if ie d  
(L o n sd a le , 1965 ).
Id e n t if ic a t io n  o f 25849/2  gave a w eak N e w b e ry ite  pa tte rn  
(N e w b e ry ite  = m agnesium  hydrophosphate  -  t r ih y d ra te ,  
M ^H PO ^SH gO ) and P .927 was a ls o  N ew ^beryite .
These re s u lts  are d iscu sse d  la te r .
C a s e  N o * Ca"'"'*'
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N H ^
111
C O 3 ”
17309 4 4 4 4 4 4
19699 4 4 4 4 4 -
19778)
20012) N S N S NS
— N S NS
20353 4 4- 4 4 NS -
21591 - 4 4 N S NS
21787 4 - 4 4 -
21893 4 4 4 4 — —
21896 •— 4 4 -
21897 4  ^ 4 4 4 — —
22070 4 4 4 4 - —
22137 ■“ 4- 4“ 4- N S “
23272 NS NS NS 4 NS NS
23416 4 4 4 — -
23988 /23 N S - 4 - N S -
2392 4 /2 6 ** 4 4 4 NS
23951 4" 4 4 - N S
28024 4 4 — N S 4
30523 NS - 4 4- — —
31040 4 4 4 4 - NS
33575 4 4 4“ 4 «
A b b re v ia tio n s  : 4 p o s it iv e  ; -  n e g a tive  : NS no t sam pled
X -ra y  c ry s ta llo g ra p h  se ries  (re su lts  in  te x t) :  2 3 9 8 9 /2 6 , 
2 3 9 8 8 /1 1 , 25233, 25338, 2 5 8 4 9 /2 , 2 5 8 4 9 /2 5 , 26311.
P A R T  III
GENERAL DISCUSSION AND CONCLUSIONS
M a jo r  d i f f ic u l t ie s  in h e re n t in  th is  in v e s t ig a t io n  in c lu d e d  
f i r s t ly ,  the  prob lem  o f w h e th e r o v in e  u ro l i th ia s is  under 
B r it is h  c o n d itio n s  correspond to  th a t under A m erican  c o n d it io n s , 
and s e c o n d ly , the  sheer num ber o f p o s s ib le  a e t io lo g ic a l 
fa c to rs ,  th e  m a jo r ity  o f w h ic h  co u ld  no t be exam ined  in  th is  
in v e s t ig a t io n .
IN C ID EN C E
The 1969 repo rt o f the A n im a l B reed ing Research o rg a n is a tio n  
g iv e s  th e  la te s t  f ig u re s  fo r  th e  B r it is h  sheep p o p u la tio n , w h ic h  
in c lu d e s  abou t 350, 000 rams * I t  is  s ta te d  th a t abou t 0 .01%  
are l ia b le  to  d ie  in  any one ye a r (w h ile  0*1% are s la u g h te re d ).
I t  seems th a t th e se  percen tages rep resen t e s tim a te s  o n ly ,  and 
i t  is  u n lik e ly  th a t o n ly  35 rams d ie  in  one y e a r, s in ce  fig u re s  
from  in su ra n ce  com pan ies g iv e  much h ig h e r num bers, and a 
h ig h e r in c id e n c e  is  a ls o  co n firm e d  by  lo c a l s la u g h te rh o u s e s .
I f  the  dea th  ra te  is  ra ise d  to  0 .04% , the re  is  a h y p o th e tic a l 
ave rage  o f 140 rams d y ing  in  B r ita in  in  any one y e a r . An 
a n n u a l lo s s  o f 12 such a n im a ls  from u ro l i th ia s is  w o u ld  
re p re se n t a ra te  o f abou t 7% . The su rvey  c a rr ie d  out among 
v e te r in a ry  p ra c tit io n e rs  in d ic a te s  th a t the  d ise a se  is  com m only
encoun te red  in  S co tland  a n d , judged on th e  re c o v e ry  ra te  in  
one se rie s  (W eaver,. 1969), i t  co u ld  be m a in ta in e d  th a t 
deaths from  u ro li th ia s is  in  rams may form  a s m a ll b u t 
s ig n if ic a n t  p ro p o rtio n  o f to ta l ram d e a th s . The f ig u re  fo r  
rams denotes b re e d in g  a n im a ls , and th e re fo re  a n im a ls  ove r 
one ye a r o ld .  The m a jo r ity  o f a ffe c te d  a n im a ls ,  h o w e ve r, 
a re  younger tha n  one ye a r, and the o f f ic ia l  f ig u re s  fo r  th is  
p o p u la tio n  are no t a v a ila b le .  An e x p la n a tio n  is  re q u ire d  fo r 
th e  fa c t th a t th e  d ise a se  is  no t even l is te d  in  a re ce n t 
p u b lic a tio n  o f th e  M in is t r y  o f A g ric u ltu re  (1964) g iv in g  an 
a n a ly s is  o f sheep de a th s , 1959-1961 . T h is  su rve y  re fe rs  
to  sheep exam ined a t V e te rin a ry  In v e s tig a tio n  C e n tres  in  
England and W a le s , and thus exc luded  S co tla n d , w ith  its  
r e la t iv e ly  h ig h e r in c id e n ce  o f the d isea se  in  a la rge  sheep 
p o p u la tio n . S ince symptoms o f th is  d ise a se  are  
c h a ra c te r is t ic ,  i t  m ay, in  many ca se s , have been th o ug h t 
unne cessa ry  to  have the  d ia g n o s is  co n firm ed  b y  a v e te r in a ry  
in v e s t ig a t io n .  Reports from  2 V e te rin a ry  In v e s t ig a t io n  
C en tres  (C am bridge - J .  B . Spence, p e rson a l c o m m u n ica tio n , 
1965; N e w c a s tle  -  C * R. F in d le y , p e rso n a l co m m u n ica tio n , 
1968 ), have co n firm ed  s u sp ic io n s  th a t some ou tb reaks o f
u ro li th ia s is  a re  in v e s tig a te d  in  England*
E n v iro n m e n ta l fa c to rs  have ra re ly  been s tu d ie d  in  rum inan t 
u ro l i th ia s is ,  and c lim a t ic  fa c to rs , fo r  exa m p le , tem pera tu re  
and h u m id ity , w ere  im p o s s ib le  to  c o n tro l in  the  p resen t s tu d y* 
Though no t p resen ted among the  re s u lts ,  i t  appeared th a t the  
sp o ra d ic  cases o f o b s tru c tio n  seen in  th e se  e xp e rim e n ta l 
sheep occu rred  a t tim es  when the re  had been a sharp f a l l  in  
te m p e ra tu re . T h is  has been a common o b s e rv a tio n  e lsew he re  
b u t,  as co n firm ed  b y  U d a ll and Chow (1969), i t  has been 
im p o s s ib le  to  f in d  a repo rt o f an e p id e m io lo g ic  s tu d y  o f 
u ro li th ia s is  in  an im a ls  to  su b s ta n tia te  th e  o b s e rv a tio n  th a t 
the  m a jo r ity  o f c l in ic a l  ou tbreaks occu r d u rin g  the  pe riods  o f 
w o rs t w e a th e r.
A n im a ls  housed e x c lu s iv e ly  had a s ig n if ic a n t ly  h ig h e r 
in c id e n c e  o f cases o f u r in a ry  o b s tru c tio n  tha n  an im a ls  pa re­
housed o r p a s tu re d , b u t c a lc u la t io n s  on fig u re s  from  c l in ic a l  
cases seen in  the  G lasgow  U n iv e rs ity  V e te rin a ry  H o s p ita l 
have shown no d iffe re n c e  be tw een the  in c id e n c e  o f o b s tru c te d  
a n im a ls  housed e x c lu s iv e ly  o r p a rt-h o u se d  (W e ave r, 1969) *
In  th is  se rie s  o f e xp e rim e n ts , a l l  e x p e rim e n ta l a n im a ls  
w e re  house d , b u t the  s iz e  o f the  pens p e rm itte d  adequate  
e x e rc is e . In  th is  re sp e c t the  co n d itio n s  w e re  d if fe re n t from  
th e  m a jo r ity  o f A m erican  experim en ts in  w h ic h  th e  sheep w ere  
m a in ta in e d  o u td o o rs , and m ay, though th is  is  now here s ta te d , 
have been s u b je c t to  a g re a te r v a r ia t io n  in  c lim a te  (tem pe ra tu re s , 
h u m id ity ,  w in d ) . The am ount o f e xe rc ise  un de rtaken  by  
sheep has been suggested (B everidge , 1942) as a fa c to r  
im p o rta n t in  th e  occu rrence  o f o b s tru c tiv e  u r o l i th ia s is ,  as 
w e l l  as in  th e ir  fo rm a tio n . B everidge doub ted w h e th e r th is  
fa c to r  opera ted  in  sheep co n fin e d  to  pe n s , b u t N a irn 's  (193 9) 
o b s e rv a tio n s , the  o n ly  one com m enting on S c o ttis h  c o n d it io n s , 
w ere  c o m p le te ly  c o n tra ry , s in ce  he found th a t th e  o b s tru c tiv e  
syndrom e w as m ost im po rtan t in  young rams w ith  l im ite d  
e x e rc is e *  The fig u re s  g ive n  in  Part I  u n d e rlin e  N a irn 's  
o b s e rv a tio n s , so th a t a ra t io n a l recom m endation in  a n im a l 
husband ry  w o u ld  be the  im portance o f ensu rin g  th a t a l l  sheep 
l ia b le  to  u ro l i th ia s is  w ere  g iven  e xe rc ise  b y  b e in g  tu rned  
o u ts id e  fo r  some hours each d a y .
■ L i t t le  a tte m p t w as made to  d is c o v e r on a la rg e r s c a le  the  
p ro p o rtio n  o f a n im a ls  in  th e  p o p u la tio n  c o n ta in in g  u r in a ry
c a lc u l i ,  as opposed to  d e ve lo p in g  the  o b s tru c t iv e  syn d ro m e . 
P e rsona l rep o rts  from  o th e r research  e s ta b lis h m e n ts  w here  
housed m ale o r ca s tra te d  sheep are k e p t,  and w here  ro u tin e  
p os t mortem e xa m in a tio n  o f the  k id n e ys  is  c a rr ie d  o u t, 
in d ic a te  th a t c a lc u l i  o n ly  o ccu r in  a la rg e  p ro p o rtio n  o f 
a n im a ls  a t r is k  in  o c c a s io n a l experim en ts  (P res ton , 19 62 ).
U n fo r tu n a te ly  o v in e  k id n e ys  are no t ro u t in e ly  se c tio n e d  
in  th e  s la u g h te rh ou se  b y  th e  meat in s p e c to r ,  un le ss  th e re  is  
an obv ious  e x te rn a l a b n o rm a lity  a p p a re n t. I t  appears 
u n lik e ly  th a t re n a l c a lc u l i  are a n y th in g  b u t a v e ry  ra re  f in d in g  
in  no rm a l s la u g h te rh o u se  m a te r ia l,  w h ic h  c o n s is ts ,  i t  m ust 
be  re c a lle d ,  v e ry  la rg e ly  o f ca s tra te d  m ale lam bs o r w e th e rs , 
and ew e s , reared on e x te n s iv e  s y s te m s .
URINE
The va lu e s  o b ta in e d  fo r  u r in a ry  m in e ra l e x c re tio n  in  
no rm a l housed male sheep f a l l  w ith in  the  range o b ta in e d  by  
m ost o th e r w o rke rs  * The fig u re s  in  e x p e rim e n ta l p ro d u c tio n  
o f th e  d is e a s e , in v o lv in g  the  fe e d in g  o f e x c e s s iv e  q u a n tit ie s  
o f c a lc iu m  a n d /o r  ph osp ho rus , fa ile d  to  show  th e  s ig n if ic a n t  
in c re a se s  dem onstra ted  b y  o the r w o rke rs  in  u r in a ry
phosphorus and m agnesium  ( L in d le y ^ a H ,  1953; C o rn e liu s  
e t a r t  , 1959; P acke tt and H a u s c h ild , 1964; Robbins e t a l . , 
1965; P acke tt ^  a r t  , 1968 ). There w as no in d ic a t io n  th a t 
e s tim a tio n  o f u r in a ry  m in e ra ls  cou ld  be used as an in d ic a to r  
fo r  th e  p resence  o f c a lc u l i  in  an in d iv id u a l,  as suggested b y  
Lam precht e t a l . (19 69 ).
NON-CRYSTALLINE COMPONENT
C a lc u li  tend  to  be regarded as m acro scop ic  a ccu m u la tio n s  
o f m in e ra l c o n c re tio n s *  The am orphous, n o n -c ry s ta l l in e  and 
n o n -m in e ra l com ponent has been exam ined in  some d e ta il 
(Boyce and K in g , 1963; C o rn e liu s , 1963) and th e  re s u lts  have 
form ed the  b a s is  o f a h yp o th e s is  fo r  the  in i t ia t io n  o f c a lc u lu s  
fo rm a tio n . T h is  com ponent has not been in v e s tig a te d  a t a l l  
in  th is  w o rk , la rg e ly  because the c o m p le x ity  o f the  n e ce ssa ry  
b io c h e m ic a l m ethod lie s  o u ts id e  the  f ie ld  o f in v e s t ig a t io n ,  
b u t th e  sp e c to g ra p h ic  s tu d ie s  in d ic a te d  th e  presence  o f an 
am orphous com ponent, w h ich  was not appa ren t in  the  le ss  
s o p h is tic a te d  b io c h e m ic a l s tu d ie s . Even in  the  c a lc u l i  
id e n t if ie d  as s t ru v ite ,  a p ropo rtion  o f am orphous m a te ria l may 
have been p re se n t, and in  a l l  Ins tances th is  may p o s s ib ly
have corresponded  to  the  m a te ria l exam ined b y  Boyce and 
K ing  (1963) * Support fo r the  adm ix tu re  o f am orphous m a te ria l 
is  g iv e n  by  th e  h is to p a th o lo g ic a l fe a tu re s  o f p y e l i t is  and the  
d e b ris  lo c a te d  in  the  re n a l p e lv is ,  as w e l l  as th e  PAS- 
p o s it iv e  m a te r ia l id e n tif ie d  in  the  k id n e ys  o f E xperim en t 2 .
CALCIFICATIO N
E ver s in c e  H a n d a ll's  p laques w ere  no ted  in  th e  m id ­
th ir t ie s ,  areas o f c a lc if ic a t io n  have been observed  in  some 
a p p a re n tly  o th e rw is e  norm al human k id n e y s  and th is  in c id e n c e  
may reach  20% (Pyrah and Paper, 1955). I t  is  a ls o  c la im e d  
th a t m inu te  d e p o s its  o f ca lc iu m  may be found in  a l l  human 
k id n e y s , w h e th e r s to n e -fo rm  era or no t (A nderson, 1946) * 
These areas o f c a lc if ic a t io n  may appear anyw here  in  the  
k id n e y . In c lu d in g  the  e p ith e liu m  of the  re n a l p e lv is  *
A r t i f ic ia l  re p ro d u c tio n  o f oxam ide p a p il la iy  le s io n s  supported  
th e  th e o ry  th a t th e  o r ig in  o f c a lc u l i Is re la te d  to  th is  
s tru c tu re  (Verm eulen ^  aN  , 1967). N o s ig n  o f p e lv ic  
p laques w as seen in  th is  s e r ie s . Recent w o rk  has 
dem onstra ted  th a t a som ewhat s im ila r  p rocess may be found 
in  some sheep: exa m in a tio n  o f k id n e ys  o f 11 sheep on
e x p e rim e n ta l fe e d in g  showed th a t 8 had in tra m e d u lla ry  re n a l 
c a lc i f ic a t io n ,  e ith e r  in tra  tu b u la r or in te r s t i t ia l  in  p o s it io n  
(D a v is  ^  a L , , 1969) * Th is  m a te ria l w as co n s id e re d  to  be 
d if fe re n t from  no rm a l c a lc u l i and i t  w as suggested  that i t  co u ld  
be a norm al f in d in g  in  dom estic  sheep* N one o f the se  a n im a ls  
had c a lc u l i ,  and none showed p y e lo n e p h r it is .
In  th is  w o rk , k id n e ys  w ere  s ta in e d  b y  h a e m a to x y lin  and 
e o s in , b u t a ls o  b y  Von Kossa to  dem onstra te  areas o f 
c a lc if ic a t io n  and in tra tu b u la r m in e ra l d e p o s its .  T h is  method 
w as found to  be e ffe c t iv e  in  bo th  in te r s t i t ia l  and in tra tu b u la r  
areas and b la c k  d e p o s its  w ere e a s ily  id e n t if ie d *  These areas 
w ere  found in  bo th  c a lc u lu s  and n o n -c a lc u lu s  sheep , 
c o n firm in g  the  fin d in g s  o f D a v is  e t a N  (1969) on c a lc if ie d  
m a te r ia l*  In  the  va s t m a jo r ity  o f p e rso n a l o b se rva tio n s  the  
Von K o s s a -p o s it iv e  m a te ria l w as lo ca te d  in  d is ta l tu b u le s  or 
c o lle c t in g  d u c ts .  In v a r ia b ly ,  se ve ra l d e p o s its  w ere  p resen t 
on a n y  one s e c tio n *  But the  presence o f th e se  d e p o s its  
ra is e s  th e  q u e s t io n : "w hen is  a c o n c re tio n  a c a lc u lu s ? "  I f  
a more tho rough  exa m in a tio n  o f the  c a ly c e s , perhaps u s in g  a 
d is s e c t in g  m ic ro sco p e , had been c a rr ie d  o u t , w o u ld  c a lc u l i  
have been d e te c te d  in  sheep c la s s if ie d  as h a v in g  none? The
fo rc e d  f lo w  o f w a te r used to  w ash  ou t c a lc u l i  appeared 
e f fe c t iv e  and d is s e c tio n  in to  the  m inor as opposed to  th e  10 
to  16 m a jo r c a ly c e s  (E llenbe rger and Baum, 1943), w o u ld  have 
made the  k id n e y s  d i f f ic u l t  to  u t i l is e  fo r  h is to lo g y .
C A LC U LI
Though the  p o in t is d is c u s s e d  aga in  la te r ,  i t  is  w o rth  
c o n tra s tin g  the  s m a ll number o f fa ta l and n o n - fa ta l o b s tru c tiv e  
cases ( re s p e c tiv e ly  7 and 3) w ith  th e  to ta l o f 32 sheep w ith  
re n a l c a lc u l i ,  out o f a to ta l o f 172 e xp e rim e n ta l she ep . The 
n o n - fa ta l o b s tru c tiv e  cases may have been g re a te r, b u t th is  
group is  dependent on pe rson a l ob se rva tio n  o f s ig n s  o f 
o b s tru c tio n  a s so c ia te d  w ith  a dem onstrab le  c a lc u lu s ,  or w ith  
d e m o n s tra tio n  o f a c a lc u lu s  a t s la u g h te r o f a h e a lth y  a n im a l,  
in  an o b s tru c tin g  p o s it io n .  A l l  3 cases w e re  found to  have 
a rup tu red  u re th ra  beh ind  an o b s tru c tio n  in  th e  ve rm ifo im  
appendage . The d iffe re n ce  in  in c id e n ce  o f f a ta l i t ie s ,  com pared 
w ith  A m erican  w o rk , may be dependent p a r t ly  on c a lc u lu s  
s iz e ,  p a r t ly  on a n im a l s iz e  and g row th  ra te , and p a r t ly  on 
a n a to m ic a l fa c to rs .
The lo c a t io n  o f the c a lc u l i  in  re la t io n  to  th e  re n a l p e lv is
re q u ire s  c o n s id e ra tio n . The k id n e ys  in  the  sheep have a 
r e la t iv e ly  sh o rt h ilu s  so th a t th e ir  movement is  l im ite d  
(M a y , 1964 ). The gas and fo o d - f i l le d  rumen n o rm a lly  keeps 
th e  k id n e y s  c lo s e ly  a p p lie d  to  the  v e n tra l a s p e c t o f the  
a n te r io r  lum bar v e rte b ra e . S ince the  con vex  su rfa ce  o f the  
k id n e y s  is  v e n tra l,  s o lid  m a te ria l w i l l  tend  to  s ta y  w ith in  
th e  m a jo r c a ly c e s  and in  the  v e n tro la te ra l pa rt o f th e  re n a l 
p e lv is .  O n ly  as a res h it  o f sudden m ovem ent, such as in  
run n ing  or f ig h t in g ,  w i l l  the re  be a ten de ncy  fo r  s o lid  
m a te r ia l to  move to  the  en trance o f th e  u re te r . R e s tr ic tio n  
o f e x e rc is e  may enhance th e  p o s s ib i l i ty  o f c o n tin u e d  
g ro w th  o f m ic ro c a lc u li b y  reduc ing  the  chance  o f th e ir  e a r ly  
passage down to  the  b la d d e r, and th is  p o in t is  fu r th e r 
deve loped  la te r*
The typ e s  o f c a lc u l i  found in  B r ita in  are  on b io c h e m ic a l 
and x - ra y  c ry s ta llo g ra p h y  v e ry  s im ila r  to  th o se  repo rted  from  
the  U n ite d  S tates by  Elam e h a j^ (1956) on a h igh  phosphorus 
in ta k e , w here  the c a lc u l i  w ere p r in c ip a lly  com posed o f 
m agnesium  and ph osp ho rus . The au thors  do no t g iv e  a va lu e  
fo r  ammonium c o n te n t, so th a t th e ir  id e n t if ic a t io n s  as
s tru v ite  is  im p o s s ib le .  In  la te r  w ork in  C a lifo rn ia ,
C o rn e liu s  (1959) reported  th a t,  w h ile  w e th e rs  e xc re te d
m yriads  o f t r ip le  phospha te  c ry s ta ls  sp e c to g ra p h ic  a n a ly s is  
re ve a le d  m agnesium  and po tass ium  p h o sp h a te , and x - ra y  
d if f ra c t io n  s tu d ie s  in d ic a te d  th a t the  m a te r ia l w as q u ite  
am orphous . On th e  o th e r hand , i l lu s t ra t io n s  o f th e  am ount 
o f c a lc u lu s  m a te r ia l in  th e  b la d d e r and k id n e y s  dem onstra te  
c le a r ly  th a t in  the  A m erican  e xp e rim e n ta l w o rk , th e  q u a n tity  
w as c o n s id e ra b ly  g re a te r than  in  S co tla n d . The fa c to r  o f 
q u a n tity  may e x p la in  w h y  o b s tru c tio n  in  th e  A m erican cases 
w as o fte n  a t th e  b la d d e r-n e c k , w h ile  in  S co tla n d , b o th  in  
e x p e rim e n ta l and n a tu ra l c a s e s , the ve rm ifo rm  appendage 
w as u s u a lly  o b s tru c te d  f i r s t .  There is  d i f f ic u l t y  in  m aking 
u s e fu l o b se rva tio n s  on th e  q u a n tity  o f c a lc u lu s  m a te ria l^  I f  
may be recorded  s im p ly  on a w e ig h t b a s is ,  b u t w hen groups 
are  c o n s id e re d , the  e ffe c t o f one in d iv id u a l w ith  a 
p a r t ic u la r ly  la rg e  am ount o f m a te ria l may make the  com p ara tive  
re s u lts  r id ic u lo u s .  The number and s iz e  o f c a lc u l i ,  no t 
p re v io u s ly  u t i l is e d  in  any s tu d y , appears more u s e fu l.  U n t i l  
th in g s  a re  proved o th e rw is e , i t  is  rea son ab le  to  assum e th a t
th e  more c a lc u l i  are  p re se n t, the  g re a te r th e  r is k  o f 
o b s tru c tio n  o ccu rr in g  in  th a t in d iv id u a l.  A g a in , s in c e  in  the  
m ale o r ca s tra te d  sheep th e  u n u s u a lly  s m a ll d ia m e te r o f the  
ve rm ifo rm  appendage has to  be to le ra te d , the  s iz e  o f c a lc u l i ,  
as m easured in  m il l im e tre s , appears a l ik e ly  in d ic a t io n  o f 
th e  chance o f a p a r t ic u la r  ca lc u lu s  cau s in g  an o b s tru c t io n . 
T h u s , th e  A m erican  sheep (C o rne lius  e ^ a l^ , 1959) produced 
ra p id ly  a la rg e  q u a n tity  o f c a lc u l i ,  w h ic h  passed ra p id ly  
down to  the  b la d d e r and form ed a p lug  - l ik e  b lo c k a g e  in  the  
b la d d e r-n e c k , a syndrom e q u ite  u n lik e  e ith e r  th e  c l in ic a l  
cases o r th e  e xp e rim e n ta l sheep a ffe c te d  w ith  o b s tru c tio n  in  
th is  s tu d y *
OTHER FACTORS
The lite ra tu re  on fa c to rs  in v o lv e d  in  th e  a e t io lo g y  o f 
u ro li th ia s is  w as b r ie f ly  cons ide red  e a r lie r ,  and i t  is  
n e ce ssa ry  to  s u b s ta n tia te  the om iss io n  o f va rio u s  p o s s ib le  
fa c to rs  from  s p e c if ic  s tud y  in  th is  w o rk .
V ita m in  A , c la im e d  to  be a c a u s a tiv e  fa c to r  in  u ro li th ia s is  
in  man (M c C a rr is o n , 1931), ra ts  (S te iner e t a j_ ., 1939) and 
goats (S chm id t, 1939), was ignored s in ce  a l l  a n im a ls  w ere
g iv e n  v ita m in  A , e ith e r  in co rpo ra ted  in  the  feed  (w h ich  w as 
checked  fo r p o ten cy  a t in te rv a ls )  o r la te r ,  more c o n v e n ie n t ly ,  
b y  in je c t io n  o f am ounts s u b s ta n tia lly  g re a te r tha n  th o se  
recom m ended b y  the  N a tio n a l Research C o u n c il (19 57 ).
V ita m in  D w as s im ila r ly  g ive n  in  q u a n tit ie s  s im ila r  to  
th o se  recom m ended b y  the  N a tio n a l Research C o u n c il.
Though h y p o v ita m in o s is  D has never been a lle g e d  to  be a 
c o n tr ib u to ry  fa c to r  to  u ro l i th ia s is ,  h y p e rv ita m in o s is  D is  
know n to  lead  in  man and an im a ls  to  w id e sp re a d  c a lc if ic a t io n  
in  b lo o d  v e s s e ls  and a ls o  in  the  k id n e y  (Jubb and K ennedy, 
1963; H e p t in s ta l l ,  1966), bu t p a th o lo g ic a l changes in  a n im a ls  
have o n ly  fo llo w e d  m ass ive  doses w h ic h  w e re  no t g iv e n  
p ro p h y la c t ic a lly  in  th is  s tu d y .
U r in a ry  s ta s is  was u n lik e ly  to  de ve lop  w hen f lu id  in ta k e  
w as m a in ta in e d , and w h ile  th e  sheep rem ained c l in ic a l ly  
h e a lth y . U r in a ry  in fe c t io n  was exam ined in  one e xp e rim e n t, 
b u t sam ples o f u rin e  taken  post mortem un de r s te r i le  c o n d itio n s  
fa ile d  to  dem onstra te  any s ig n if ic a n t u r in a ry  tra c t pathogens 
in  experim en l:a l shepp .
I t  appears u n lik e ly  th a t u r in a ry  in fe c t io n  p la ys  an im p o rta n t
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ro le  in  th e  f i r s t  phase o f c a lc u lu s  fo rm a tio n , and the  u rine  o f 
sheep w h ic h  w e re  a ffe c te d  w ith  c y s t ic  p h o sp h a tic  c a lc u l i ,  
and w h ic h  w e re  des troye d  w ith o u t any a tte m p t a t su rg e ry , 
w ere  ra re ly  found to  have in fe c te d  u r in e , in  c o n tra s t to  th e  
f in d in g s  in  th e  dog (Jubb and K ennedy, 19 63 ).
FEEDING
The re s u lts  ob ta in ed  in  co n n e c tio n  w ith  the  in c id e n c e  o f 
u ro li th ia s is  under d if fe re n t fee d in g  c o n d itio n s  are  in  
c o n s id e ra b le  c o n f l ic t  w ith  m ost e xp e rim e n ta l w o rk , as a lre a d y  
d is c u s s e d  under the  in d iv id u a l e x p e rim e n ts . Just as a l l  
c l in ic a l  cases here repo rted  w ere in  sheep re c e iv in g  some 
form  o f co n ce n tra te  fe e d in g , and a h igh  c o n ce n tra te  in ta k e  is  
co n s id e re d  e s s e n t ia l fo r  th e  e xp e rim e n ta l p ro d u c tio n  o f 
u r o l i th ia s is ,  the  f in a l experim en t reve a le d  th a t c a lc u l i  co u ld  
•be recove red  from  housed sheep re c e iv in g  o n ly  hay* The 
o n ly  re p o rt o f hay  as a p re d isp o s in g  fa c to r  is  th e  c la im  b y  
G a rd in e r e t al_. (1968) th a t oestrogens p re sen t in  some form s 
o f A u s tra lia n  c lo v e r  hay m ay lead  to  u r in a ry  o b s tru c tio n  in  
w e th e rs  fo llo w in g  deve lopm en t o f secondary  sex o rg a n s . In  
th e  p resen t s tu d y , no c lo v e r  hay w as eve r fe d .  In  p re v io u s
e x p e rim e n ts , l ik e w is e ,  the in c id e n ce  was o fte n  as h ig h  in  sheep 
on lo w  le v e ls  o f con ce n tra te  as h igh  le v e ls .
Very re c e n t ly ,  in  a su rve y  (unpub lished) o f o ld  m ale sheep 
purchased from  d iffe re n t parts  o f S co tlan d , 3 o f 50 a n im a ls  
c o n ta in e d  m acro scop ic  c a lc u l i ,  and many had s m a ll re n a l le s io n s  
o f hea led  o r ch ro n ic  p y e lo n e p h rit is  and c h ro n ic  n e p h r it is ,  w h ic h , 
may have in d ic a te d  a p rev ious ep isode o f acu te  re n a l d is e a s e , 
p o s s ib ly  a s s o c ia te d  w ith  c a lc u l i .  A l l  these  a n im a ls  had been 
on hay d ie t fo r  many w eeks p r io r  to  s la u g h te r . C le a r ly ,  the  
use o f such o ld e r an im a ls  fo r  exp e rim e n ta l u ro l i th ia s is  s tu d ie s  
m igh t have led  to  m is lea d in g  re s u lts ,  bu t in  th e  f in a l expe rim en t 
the  sheep w ere  yo u n g , and there  was no s ig n  o f le s io n s  o f 
p y e lo n e p h r it is  in  the  sheep, fed on h a y , w h ic h  shov\?ed re n a l 
c a lc u l i  on s la u g h te r.
The occu rrence  o f c a lc u l i  in  sheep on a d ie t o f hay o n ly  
has no t been p re v io u s ly  re co rd e d . The o b v io u s  s ig n if ic a n c e  
is  th a t any m ale sheep fed indoors  under such  a reg im e is  
l ia b le  to  de ve lo p  c a lc u l i .  As shown in  o th e r w o rk  the  q u a n tity  
o f co n ce n tra te  feed does not appear to  p la y  an im p o rtan t ro le  in  
p rom oting  the  s itu a t io n  o f c a lc u lu s  fo rm a tio n . These
o b se rva tio n s  add to  the  a lre a d y  e x te n s iv e  c o n tra d ic to ry  
f in d in g s ,  a n d , as in  o the r w o rk , on rum inan t u ro l i th ia s is ,  as 
F ie ld  (1969) has w r it te n  " the d iffe re n c e s  are im p o s s ib le  to  
e x p la in  because  o f the  few param eters m e a s u re d / ' In  th is  
se rie s  o f e xp e rim e n ts , l i t t le  a tte n tio n  w as p a id  to  the  
po tass ium  in ta k e , though th is  has been dem onstra ted  to  be 
in t im a te ly  in v o lv e d  in  u rin a ry  pH , w h ic h  in  tu rn  may be an 
im p o rtan t fa c to r  in  u r o l i th ia s is . P o tass ium  has lik e w is e  
rem ained un susp ecte d  as a c o n tr ib u ta ry  fa c to r  in  u ro li th ia s is  
u n t i l  Lam precht e j ^ (1969)  in v e s tig a te d  re tro s p e c t iv e ly ,  
the  s ig n if ic a n c e  o f the  po tass ium  in ta k e  in  s e v e ra l y e a rs ' 
expe rim en ts  in  w h ic h  the  m ain in te re s t had been in  the  
re la t io n s h ip  o f v a rio u s  m ine ra ls  to  u r o l i th ia s is .  They 
reported  a c u rv i l in e a r  re la t io n s h ip  o f K in ta k e  to  percen tage 
u ro l i th ia s is ,  w ith  th e  maximum in c id e n ce  a t a p o in t be tw een  
m in im a l and m ax im a l K in ta k e , th is  p o in t depend ing  on the  
in ta k e  o f o the r e le m e n ts . I t  was c la im e d  th a t th is  c u rv i l in e a r  
e ffe c t m igh t be the  reason fo r  some in c o n s is te n c ie s  in  the  
e ffe c t o f th e  e lem ent on u ro lith  fo rm a tio n  (C ro o ksh a n k , 1966; 
Bushman e^  a j^  , 1968). The ro le  o f po tass iu m  has been 
con s id e re d  in  a h yp o th e s is  o f C hen -C how  et a l .  (1968) w ho
th in k  po tass iu m  may com pete fo r  b in d in g  s ite s  o r p o ly ­
e le c tro ly te s  w h ic h  p rov ide  n u c le i fo r  in o rg a n ic  io ns  • W hen 
th e  c a tio n  K has been com pared w ith  Na in  re s p e c t o f th e ir  
re la t iv e  e ffe c tiv e n e s s  in  red uc ing  u ro l i th ia s is ,  K has a ffo rd ed  
b e tte r  p ro te c tio n  (C ro oksh an k, 1966).
S ince th e  d a ily  requ irem ents  o f any sheep in  the se  
e xpe rim en ts  (N a tio n a l Research C o u n c il,  1957; A g r ic u ltu ra l 
Research C o u n c il,  1965) w ere  u n lik e ly  to  exceed 3 g c a lc iu m  
(0 .2  0% in  to ta l fe e d ), and 2 ,7  g phosphorus (0 .1 8 % ), i t  is  
w o r th w h ile  c o n s id e r in g  the a b so rp tio n  and e x c re tio n  o f these  
e lem ents  w hen g iv e n  in  la rg e r q u a n t it ie s ,  as h e re . I f  the  
m in e ra l requ irem en ts  are assum ed fo r  ram la m b s , as of:>posed 
to  fa tte n in g  lam bs (s in ce  the  ra te  o f g row th  w as s lo w  in  a l l  
e x p e rim e n ts ), the  requ irem en ts  o f Ca and P are v e ry  s im ila r  
( N .R .C . ,  1957).
In  a reviev7. Sm ith (1969) s ta ted  th a t bo th  c a t t le  and sheep 
appe ar to  be a b le  to  to le ra te  q u ite  a w id e  range o f Ca and P 
ra tio s  in  th e ir  d ie t ,  w ith o u t any se rious in te rfe re n c e  in  the  
u t i l is a t io n  o f e ith e r  (quo ting  B o hs ted t, 1942; Young ^  a l . ,
1966 ), I t  is  know n th a t some p re c ip ita t io n  o f c a lc iu m  phosphate  
occu rs  in  th e  s m a ll In te s tin e  o f c a lv e s , even on no rm a l m ine m l
in ta k e s  (Sm ith and M c A lle n , 1966) b u t o n ly  w hen th e  pH exceeds 
6 .5  and n o t, th e re fo re , in  the  m idd le  and upper s m a ll in te s t in e  
w here  m ost a b so rp tio n  o f Ca and p robab ly  a ls o  phosphate  occu rs  . 
Such f in d in g s  may a ls o  a p p ly  to  g row ing  sh e e p . The n e tt 
a b s o rp tiv e  e f f ic ie n c y  w ith  v a iy in g  P in ta ke s  has been 
dem onstra ted  in  sheep b y  Young ^ a L  (1966), b u t its  m echanism  
is  no t c le a r .  The quoted phosphorus requ irem en ts  may be h ig h , 
in  th e  l ig h t  o f the  recen t s tu d ie s  o f B enzie  ^ a L ,  (196 0 ).
No e v id e n ce  e x is ts  fo r  a true  e xc re tio n  o f e ith e r  c a lc iu m  o r 
phosphorus in to  the  g u t, and s ince  p u b lish e d  w o rk  and the se  
obselevations in d ic a te  th a t l i t t le  is  exc re ted  in  the  u r in e , the  
m a jo r c o n tro l o f th e ir  q u a n tit ie s  in  the  body t is s u e s  is  
p resum ab ly  th rough  a b so rp tio n  (P I ill,  1961), and depends on the  
a n im a l's  requ irem en ts  and the  form  in  w h ic h  the  e lem ents  are 
fe d .
Phosphorus g e n e ra lly  appears to  be more re a d ily  a v a ila b le  
th a n  c a lc iu m  (Lofgreen and K le ib e r, 1953; Shroder and H a nsa rd , 
1958; Thom son e t a j^ ., 1959), and phosphorus a b so rp tio n  
appears re la t iv e ly  una ffec ted  by o the r d ie ta ry  c o n s t itu e n ts ,  
and in flu e n c e d  p r im a r ily  b y  the  type  o f phosphorus fed ( H i l l ,  
1 9 6 1 ). T h u s , Lucke r and Lofgreen (1961), u s ing  a ra d io - is o to p e
te c h n iq u e , found th a t s ix -m o n th -o ld  w e th e r lam bs absorbed 
b o th  ca lc iu m  and phosphorus to  an e x te n t d ire c t ly  dependent 
on th e  am ount fe d .
The e xp e rim e n ta l an im a ls  used in  E xperim en t 4 w ere th is  
typ e  o f s u b je c t,  an d , by  a n a lo g y , i t  w o u ld  ap pe a r th a t la rg e , 
e x c e s s iv e  q u a n tit ie s  o f ca lc iu m  and m agnesium  shou ld  have 
been a b so rb e d . W ith o u t the  use o f more s o p h is tic a te d  
te ch n iq u e s  in v o lv in g  ra d io - is o to p e s , i t  is  no t p o s s ib le  to  
s ta te  d e f in ite ly  th a t th is  a b so rp tio n  too k  p la c e .
M o s t reported  pe riods o f e xp e rim e n ta l fe e d in g  w ere  in  the  
range o f 3 -5  m on ths , as in  th is  s tu d y . W h ile  one report quoted 
th e  on se t o f a cu te  o b s tru c tio n  as e a rly  as 14 days a fte r  the  
com m encem ent o f fee d in g  K^HPO^ (C o rn e liu s  e t a L  , 1959) and 
a second re p o rt quoted a f i r s t  o b s tru c tio n  on day 32 , the se  are 
e x c e p tio n s . M o s t records have fa ile d  to  d e ta il w hen cases 
o ccu rre d . F u rth e r, exam ina tions  o f th e  in c id e n c e  in  the 
e x p e rim e n ta l groups w ith  m ost c a lc u li has o fte n  shown th a t,  
w h ile  th is  has been as h ig h  as 80% (P acke tt e t , 1968),
90% (Elam § t , 1956), 7 9% (C rookshank ^  a j^  , 1966), the  
in c id e n c e  has o ften  been much lo w e r in  o th e r w o rk , e .g .  56% 
o r 39% (P acke tt and H a u s c h ild , 1964). W hen  a cu te  u r in a ry
o b s tru c tio n  is  co n s id e re d , few  reports  g iv e  a h ig h  in c id e n c e  
(an e x c e p tio n  o f 5 0% b y  day 16 is  g iv e n  b y  C o rn e liu s  e t a h  ,
1959) and a f ig u re  o f 36 cases out o f 237 a n im a ls , in  s e v e ra l 
e x p e rim e n ts , re p re se n tin g  15% m o r ta lity ,  may be fa ir ly  ty p ic a l 
(Em erick and Em bry, 1964a). U ro lith ia s is  ra re ly  a ffe c ts  a l l  
in d iv id u a ls  in  a s u s c e p tib le  g roup , bu t th is  fa c t is  common to  
m ost d is e a s e s , a n im a l or hum an. O b s tru c tio n , l ik e w is e ,  
a f fe c ts  o n ly  a s m a ll p ro p o rtio n  o f a g ive n  group a t r is k , w h e th e r 
as f ie ld  c a s e s , o r e xp e rim e n ta l s u b je c ts .
The poor appa ren t re p e a ta b ility  o f p re v io us  w o rk  hss been 
rem arked on b y  Idaho  s tu d ie s  (Annual Report o f R eg iona l P ro jec t 
W  -  41 , 1964, b y  D r .  R. M a s o n , u n p u b lis h e d ). T h is  group 
used a s im ila r  feed m ix tu re  in  s u c c e s s iv e  years  and found th a t 
lO / lO  a n im a ls  in  one y e a r, and 2 /1 0  an im a ls  in  the  second 
y e a r, c o n ta in e d  c a lc u l i .  The w e a th e r, g e n e tic  m ake -up  or 
. la b ile  fa c to rs  in  the  feed p e lle ts  were suggested  as an 
e x p la n a tio n . S im ila r ly  in  th is  w ork E xperim ent 2 showed th a t 
an Am erican m ix tu re  w h ic h  had been am p ly  dem onstra ted  to  be 
c a lc u lo g e n ic  in  the  U .S .A .  proved d is a p p o in tin g  in  S co tland  
even when the  p ro p o rtio n  o f the  K^HPO^ supp lem ent w as in c re a s e d , 
Reynolds and L in d a h l (196 8) have reported  a to ta l fa ilu re  o f
ra t io n s , show n e lsew here  to  be c a lc u lo g e n ic , to  produce c a lc u l i .  
C lim a te , typ e  o f sheep, and unde tected  d iffe re n c e s  in  tra ce  
e lem ents m igh t a l l  h y p o th e t ic a lly  p la y  a ro le  in  e x p la in in g  th is  
d is c re p a n c y . For exam p le , an in c rea se  in  the  w a te r  in ta k e  has 
been found to  in c rea se  phosphorus e x c re tio n  in  u rin e  (B u ttle  and 
F ie ld ,  1966). S ince i t  is  know n th a t c e rta in  s tra in s  o f S c o ttis h  
B la ck fa ce  -  th e  breed used th roughpu t th is  w o rk  -  have a 
g e n e t ic a lly  a sso c ia te d  w a te r consum ption  d if fe re n t from  the 
o th e r s tra in s  o f B la c k fa c e , and re co g n isa b le  b y  the  po tass iu m  
co n te n t o f th e  red c e lls  (E vans, 1954, 1957), i t  is  easy to  see 
how such s tra in  v a r ia tio n s  may re s u lt in  a d if fe re n t p re d ls p o s it ib n  
to  u ro l i th ia s is .  F urthe r in v e s tig a tio n  of the  to ta l w a te r in ta ke  
in  e xp e rim e n ta l sheep on c a lc u lo g e n ic  o u tle ts  may prove u s e fu l.
A low  Na in ta ke  m ight re s u lt in  a low ered  w a te r  in ta k e  and 
its  p o s s ib le  consequences , bu t in  a l l  m ix tu re s  fed  in  these  
expe rim en ts  the  Na le v e l exceeded the  m inim um  requ irem en t 
g iv e n  b y  th e  A ,R .C .  (1965) and le v e ls  be lo w  th o se  recom m endations 
have been show n to  produce no apparent e f fe c t on the  w e ll-b e in g  
o f sheep (Jones e t a l , ,  1967).
SOURCES OF ERROR
P o ss ib le  sources o f e rro r a r is e  from  a n y  m ethod o f 
e x p e r im e n ta tio n . These errors f a l l  under s e v e ra l m ain 
head ings in  u ro li th ia s is  w o rk :
(a) absence  o f v e r if ic a t io n  o f c a lc u lu s - fre e  s ta tu s  
in i t ia l ly ;
(b) in fre q u e n t and p o s s ib ly  in a ccu ra te  sa m p ling  o f 
b lo o d  and urine ;
(c) d if fe r in g  methods o f reco rd ing  the  degree o f 
u ro l i th ia s is ,  as a lre a d y  d is c u s s e d .
Some c r it ic is m  o f p re v io us  w ork  is  g iv e n  a t th is  p o in t.  
R esu lts  o f b lo o d  exa m in a tions  fo r  v a rio u s  c o n s titu e n ts  have 
som etim es been based on in fre q u e n t s a m p lin g , e . g . ,  3 tim es  
in  181 days b y  L in d le y  et^aH  (1953), on p re -s la u g h te r  va lu e s  
o n ly  (B e lo n je , 1955), and som etim es o n ly  from  random 
a n im a ls  (C rookshank et a j_ ., 1967). In  no in s ta n ce s  has 
b lo o d  been exam ined a t w e e k ly  o r fo r tn ig h t ly  in te rv a ls .  U rin e  
c o l le c t io n  m ethods were som etim es c ru d e , w ith  no a tte m p t to  
use p re s e rv a tiv e s , to  reduce the  a c t iv i ty  o f u re a -s p lit t in g  
o rgan ism s and a lle g e d ly  s ta t is t ic a l ly  s ig n if ic a n t  re s u lts  w ere 
draw n from  cases w h ich  showed pH d iffe re n c e s  o f much le ss  
than  1 pH u n it .
The e xa m in a tio n  o f methods o f p re se rva tio n  o f u rine  has here 
dem onstra ted  th a t pH changes o f 1 pH u n it may o ccu r in  sam ples 
exposed to  the  a tm osphere fo r  24 hours and the  v a l id i t y  o f 
re s u lts  based on u n s o p h is tic a te d  m ethods o f c o lle c t io n  appears 
q u e s t io n a b le . O th e r m ethods o f u rine  c o l le c t io n  may be 
u n s o p h is tic a te d  -  in v o lv in g  tra in in g  the  a n im a ls  to  u rin a te  
re f le x ly  when th e ir  h indqu arte rs  are g e n tly  touched  -  b u t le ave  
the  prob lem  o f d iu rn a l v a r ia t io n  unso lved  (S ta cy , 1969), or 
in v o lv e  a d e lic a te  s u rg ic a l p repa ra tion  such as an e x te r io r is e d  
u re te r (S tacy and B rook, 1964 ). In  o the r exp e rim en ts  (Elam e t a l . , 
1956; L in d le y  et , 1953; Robbins et a l . , 1965), la ck  o f 
a c c lim a tis a t io n  to ,  and v e ry  lim ite d  pe rio ds  in  m e ta b o lic  cages 
p la ce  a lim ite d  va lu e  on re s u lts  o f u rine  e xa m in a tio n s  from  such 
a n im a ls  (Robbins et a l . ,  1965; P ackett o t a H , 1968 ). In c a s e s  
o f m ild  hyd ron ep h ro s is  i t  is  o ften  found th a t c a lc u l i  are  no lo n g e r 
w ith in  the  re n a l c a l ic e s , bu t in  the  re n a l p e lv is ,  u re te r and 
b la d d e r . In  some experim en ts  o n ly  one k id n e y  w as exam ined 
m a c ro s c o p ic a lly  and the re s u lts  based on th is  f in d in g  and the  
p resence  o f m ic ro c a lc u li in  the  second k id n e y  (C rookshank e t a l . ,
1967 ). O th e r w o rke rs  exam ined o n ly  a p ro p o rtio n  o f th e ir  
e xp e rim e n ta l a n im a ls  fo r  c a lc u l i  (Kunkel e t a l . ,  1961 ).
COMPARATIVE RESULTS
T urn ing  to  a com parison  o f the  re s u lts  o f the  d if fe re n t 
expe rim en ts  in  term s o f the in c id e n c e  o f fa ta l o b s tu c tlo n  and 
o f re n a l c a lc u l i ,  th is  in fo rm a tio n  is  sum m arised in  Tab le  42 
w h ic h  sum m arises th e  re s u lts  o f experim en ts  P to  5 . I t  w i l l  
be seen th a t th e  percen tage o f fa ta l o b s tru c tio n  is  g ive n  as 
0 - 2 0 ,
In  eve ry  case  th is  percentage rep rese n ts  a s in g le  in d iv id u a l 
o f a s m a ll g roup , e .g .  one in  f iv e .  L ik e w is e  the  s in g le  
in s ta n c e  o f 100% fo r  the re co ve ry  o f re n a l c a lc u l i  rep resen ts  
th a t 5 o f 5 p o s s ib le  a n im a ls  w ere a ffe c te d .
There is  no c o n s is te n t pa tte rn  in  th e  re s u lts  as p resen ted  
in  T ab le  4 2 . In  fa c t ,  the  ca lc iu m  and phosphorus in ta k e  
w h ic h  re s u lte d  in  the  100% in c id e n ce  in  E xperim en t 5 is  
id e n t ic a l w ith  one group o f E xperim ent 3 w here  the  in c id e n c e  
w as 57% . A ve ry  s im ila r  in ta ke  in  G roup 4 o f E xperim ent 3 
re s u lte d  in  the  lo w e s t in c id e n ce  o f any exp e rim en t exce p t the  
p re lim in a ry  s tu d y . In  E xperim ent 5 , m ass ive  in ta ke s  o f 
ca lc iu m  fa ile d  to  re s u lt in  s ig n if ic a n t ly  in c re a se d  num bers o f 
a n im a ls  w ith  c a lc u l i .
T a b le  42 ; Sum m arised D ata  o f E xp e rim e n ta l Feed ing  : In ta k e s 
o f C a lc iu m  and Phosphorus re la te d  to  F a ta l U r in a ty  
O b s tru c tio n  and In c id e n ce  o f Renal C a lc u li  e xp re ssed 
as Percentage
E xperim ent 
and G roup
D a ily  M in e ra l In ta ke  F a ta l Renal
Ca P O b s tru c tio n  C a lc u li
g %DM g %DM T o ta l % T o ta l %
p 0,70 0 .08 3,81 0,47 0 0 0 0
i 13 .6 1 ,7 0 8,2 1,02 2 20 6 60
2 A 7 .5 1 .1 0 2 . 8 0.72 0 0 1 *
B 9 , 0 0 .92 5 ,9 0 .34 0 0 1 *
C 17,7 1 .27 16.8 1 .20 0 0 6 30
3 1 4 , 0 0 .4 2 .7 0,27 1 14 3 43
2 4.2 0 .4 2 ,9 0.27 1 14 4 57
3 5.7 0 .5 3 .7 0,33 0 0 4 57
4 6 .2 0,5 4 . 0 0 .40 0 0 2 28
5 7 , 8 0 ,6 4 , 9 0.39 0 0 3 43
6 8 . 0 0.6 5,1 0 .40 1 14 3 43
4 1 1,5 0 .18 2 .4 0.27 0 04 7 63
2 1 .6 0 .14 1 ,9 0 .16 0 0 8 72
3 6 .9 0 ,79 2 ,4 0.27 0 04 7 63
4 2 5 ,6 3 .4 0 2 ,2 0 .28 0 0 8 72
5 H 1.9 0.15 1 /7 0,13 0 0 7 58
1 3,5 0,25 4 ,2 0 ,30 0 0 6 86
2 5.7 0,34 3,7 0.22 0 04 5 100
3 10 ,7 0 .8 0 3 .6 0,27 I 12 5 62
4 41 A 2 . 8 0 3 ,7 0 ,25 1 14 6 86
*  in s u f f ic ie n t  a n im a ls  
+ one case o f n o n - fa ta l o b s tru c tio n
The po tass ium  in ta ke  may have been d iffe re n t in  sheep w h ic h  
had s im ila r  c a lc iu m  and phosphorus in ta k e s . The re s u lt  o f a 
h ig h e r K in ta k e  w o u ld  be an increased  u rin a ry  K e x c re tio n  
(S co tt, 1969) and hence an increased  u rine  a lk a l in i t y  o f d ire c t 
re le va n ce  to  the  lik e lih o o d  o f c a lcu lu s  fo rm a tio n . S im ila r 
d iffe re n c e s  in  o th e r e lem ents cou ld  a lte rn a t iv e ly  a cco u n t fo r  
the  v a r ia t io n  in  re s u lts : H oar,E m erick and Embry (1969) have 
dem onstra ted  th is  d iffe re n ce  in  the  case o f sod ium  b ic a rb o n a te .
P acke tt and H a u s c h ild  (1964) sug ge s ted , in  a tte m p tin g  to  
e x p la in  c e rta in  m in e ra l re la t io n s h ip s , th a t " th e  a c tu a l fo rm a tio n  
o f g ross  c a lc u l i  w as determ ined b y  the  degree o f change o f 
c e r ta in  m e ta b o lic  v a r ia b le s , i . e ,  h igh  phosphorus le v e ls  in  the  
serum and u rin e  accom panied b y  h igh m agnesium  le v e ls . "  In  
th is  s tu d y  no e v id e n ce  was found tha t h igh  u r in a iy  and plasm a 
phosphorus w ere  a s so c ia te d  w ith  gross c a lc u lu s  fo rm a tio n , 
n e ith e r w as a h ig h  plasm a magnesium a u s e fu l in d ic a t io n  o f the  
l ik e lih o o d  o f c a lc u l i .  Ind ee d , u t i l is in g  a la rg e  vo lum e o f data 
from  T ex as ,  in  d is c r im in a n t a n a ly s is ,  Lam precht e t (1969) 
w ere  o n ly  a b le  to  p re d ic t w ith  a p p ro x im a te ly  75% c e r ta in ty  
based  on u r in a ry  e x c re tio n , and u rin a ry  and p lasm a m in e ra l 
and e le c tro ly te  le v e ls  the lik e lih o o d  o f a g iv e n  a n im a l h a v in g  
c a lc u l i .
I t  m igh t be h yp o th e s ise d  from the se  d iffe re n c e s  th a t the  
deve lopm en t o f c a lc u l i  was e n t ire ly  d if fe re n t under S c o ttis h  
c o n d it io n s , y e t i f  s o , the a n a ly s is  o f c a lc u l i  w o u ld  p ro ba b ly  
be d iffe re n t from  th a t o f the  A m erican s tu d ie s  . T h is  w as not 
s o , though fo rm a tio n  may have been s lo w e r in  S co tla n d ,
S im ila r  s m a ll q u a n tit ie s  have been repo rted  from  France b y  
Je a n -B la in  ^  a L  (1968),  w here  the  c l in ic a l  c o n d it io n  appears 
to  co rrespond more c lo s e ly  than  in  U . S . A .  to  th a t re co g n ise d  
in  S co tla n d .
The num ber o f v a r ia b le  fa c to rs  w h ic h  canno t be c o n tro lle d  
under th e se  e xp e rim e n ta l c o n d itio n s  is  such th a t i t  w o u ld  be 
u n w ise  to  pursue a com parison w ith  the U . S . A .  too  fa r .  The 
e v id e n ce  p resen ted  am p ly  dem onstra tes th a t u r in a ry  c a lc u l i  may 
d e ve lo p  under numerous c o n d itio n s  o f co n ce n tra te  o r hay 
fe e d in g  in  housed sheep, e ith e r  e n tire  o r c a s tra te d .
PATHOLOGY
The p a th o lo g ic a l fea tu res  in  c a lc u l i  o b s tru c tio n  are  d ra m a tic  
and la rg e ly  the  re s u lt  o f th e  m .echanical e f f e c t s ,  the  a cu te  
re a c tio n  o f the  u r in a ry  e p ith e liu m  to  the  p resence  o f f in e  c a lc u li,  
and th e  re a c tio n  o f d iffe re n t t is s u e s  to  a u ra e m ia . W h a t is
w o rth y  o f fu r th e r d is c u s s io n  is  the  deve lopm en t o f c h ro n ic
p y e lo n e p h r it is  in  some sheep . The v e te r in a ry  l ite ra tu re  g ive s  
no in d ic a t io n  o f the  in c id e n ce  o f p y e lo n e p h r it is  in  sheep 
(M a rsh , 1965; Jubb and K ennedy, 1963) .  F o ca l le s io n s , o f 
u n c e rta in  s ig n if ic a n c e  b u t w ith o u t e v idence  o f b a c te r ia ,  have 
been observed in  a few cases o f u ro li th ia s is  in  sheep b y  
D a v is  ^ a j ^  (1969) .  The d ise a se , acu te  or c h ro n ic , is  common 
in  man (H e p t in s ta ll,  1966) and in  th is  se rie s  appeared in  bo th  
e xp e rim e n ta l and n a tu ra l c as e s .  The p y e lo n e p h r it is  
a s s o c ia te d  w ith  u rin a ry  o b s tru c tio n  w as in v a r ia b ly  a c u te , w h ile  
subacu te  le s io n s  w ere  found in  an im a ls  show ing  no sym ptoms 
and w ith  no c a lc u l i ,  bu t a ls o  in  sheep w ith  c a lc u l i , C h ro n ic  
p y e lo n e p h r it is  w as an in c id e n ta l f in d in g  in  num erous sheep 
u n a sso c ia te d  n e c e s s a r ily  w ith  c a lc u l i .  I t  is  te m p tin g  to  
h y p o th e s is e  th a t p y e lo n e p h r it is  may be an im p o rta n t p re d isp o s in g  
fa c to r  fo r  u ro l i th ia s is ,  le a d in g  to  the p ro d u c tio n  o f desquam ated 
m a te r ia l,  tu b u la r  b lo c k a g e , u rin a ry  s t a s i s ,  and the  c re a tio n  of 
fu r th e r  fa vo u ra b le  e n v iro nm e n ta l c irc u m s ta n ce s * The 
.d is tr ib u tio n  o f p y e lo n e p h r lt ic  le s io n s  in  subacu te  and c h ro n ic  
cases  is  no t c o n v in c in g  ev idence  fo r  an a sce n d in g  in fe c t io n  
from  th e  lo w e r u rin a ry  t ra c t ,  s in ce  the  le s io n s  tended to  be 
lo ca te d  in  the  c o rte x , and p y e li t is  w as no t a fe a tu re .
I f ,  th e re fo re , the  le s io n  was a re s u lt  o f b lo o d -b o rn e  
in fe c t io n ,  one m ust p o s tu la te  a pyaem ia re s u lt in g  from  a lo c a l 
s e p tic  focus  e lsew he re  in  the  b o d y . O ld e r rams fre q u e n tly  
have a b s c e s s a tio n  abou t th e  head, perhaps as a re s u lt  o f 
f ig h t in g  o r o th e r in ju iy ,  b u t such in ju r ie s  are uncom m on, or 
a t any  ra te  ra re ly  re p o rte d , in  younger sh e e p .
The severe  p y e lo n e p h r it is ,  o f re ce n t o r ig in ,  or a f la re -u p  
o f an o ld  le s io n ,  w as do u b tle ss  the  re s u lt  o f an a sce n d in g  
in fe c t io n .  The d is te n s io n  o f ov ine  k id n e y s  in  a cu te  o b s tru c tio n  
lo w e r dow n the t ra c t  is  p ro ba b ly  the  re s u lt  o f b a c k -p re s s u re  up 
th e  u re te rs , in  w h ic h  c ircu m sta n ce s  the re  is  l i k e ly  to  be 
v e s ic o -u re te r ic  re f lu x ,  and in fe c te d  u rine  in  the  b la d d e r cou ld  
be re d is tr ib u te d  to  the  k id n e y s , a fa c to r  w h ic h  c o u ld  be 
s ig n if ic a n t  in  cases of in fe c t io n  o f p o s te r io r  u re th ro tom y w o u n d s ,
A re ce n t paper (A da mes tea nu et a j ^ , 1969) c la im e d  th a t 
g lo m e ru lo n e p h r it is  and hyd ronep hro s is  w ere  th e  o u ts ta n d in g  
p a th o lo g ic a l fe a tu re s  of ov ine  k id n e ys  in i u ro l i th ia s is  caused by  
o ve rfe e d in g  w ith  co n c e n tra te s , and d e sc rib e d  m asses o f 
a lbum en o ccu p y in g  Bowm an's ca p su le  and com press ing  the  
g lo m e ru lu s , le a d in g  to  g lo m e ru la r h y p e rp la s ia  in  some in s ta n c e s ,
and a ls o  a s s o c ia te d  w ith  tu b u la r  d e g e n e ra tio n . In  th is  se ries
such  changes w e re  never seen e ith e r  in  c l in ic a l  cases o r in  
e x p e rim e n ta l a n im a ls^  and the  reason fo r  th is  anom a ly  is  no t 
c le a r .
The s tu d ie s  on re n a l w e ig h ts  in d ic a te d  th a t u ro li th ia s is  
d id  no t in  i t s e l f  lead  to  any in c re a se  or decrease  in  s iz e ,  
and th a t d iffe re n c e s  w ere a ttr ib u ta b le  to  o th e r re n a l changes 
such as h yd ro n e p h ro s is , p y e lo n e p h r it is  o r o th e r a b n o rm a lity . 
The poor ra d io g ra p h ic  o p a c ity  o f the  m a te r ia l from  S c o ttis h  
sheep has been m en tioned , and s im ila r  m a te r ia l appears to  be 
p resen t in  Texas sheep w ith  u ro l i th ia s is .  T o g e th e r w ith  the 
know n d i f f ic u l t ie s  o f a c h ie v in g  ra d io g ra p h ic  d e ta il th rough  
the  o v in e  abdom en, these  p o in ts  in d ic a te  the  u se le ssn e ss  o f 
ra d io g ra p h y  as an a id  to  d ia g n o s is  o f o v in e  u ro l i th ia s is ,  in  
sharp c o n tra s t to  o th e r spec ie s  and to  m an.
The fo llo w in g  c o n c lu s io n s  are draw n from  th is  w o rk  :
1 . O v in e  u ro li th ia s is  is  a spo rad ic  b u t s ig n if ic a n t  cause 
o f d is e a s e , o ften  te rm in a tin g  fa ta l ly ,  on S c o tt is h  farms 
b re ed in g  m ale sheep.
2 . The d ise a se  is  a lm o s t e n t ire ly  co n fin e d  to  sheep w h ic h  
are housed fo r  a t le a s t p a ri o f the  d a y . I t  may have
a h ig h e r in c id e n ce  in farm s b re e d in g  ram la m b s .
3 . The c l in ic a l  d isea se  is  ch a ra c te rise d  b y  an o b s tru c tiv e  
synd rom e. Though o b s tru c tio n  is  u s u a lly  in  the  
ve rm ifo rm  appendage o f the  p e n is , re n a l changes are 
se ve re , and h yd ro n e p h ro s is , p y e lo n e p h r it is  and 
p y e li t is  are  p ro m in e n t.
4 .  The c a lc u lu s  m a te ria l v a r ie s  in  c o lo u r, s iz e  and fo rm , 
b u t b io c h e m ic a l and x - ra y  c ry s ta llo g ra p h ic  e xa m in a tio n  
show th a t i t  is  s tru v ite  w ith  o rg an ic  d e b r is .
5o S ince th is  c ry s ta ll in e  com ponent w i l l  o n ly  p re c ip ita te
in  an env ironm ent above pH 7 , u r in a iy  pH is  l ik e ly  to  
be an im p o rta n t p re d isp o s in g  cause o f c a lc u lu s  fo rm a tio n
6 . U rin e  pH w as found to  v a ry  l i t t le  w hen sam p les w ere
preserved  in  sc re w -to p p e d  g la ss  b o t t le s ,  o c c lu d in g  
any  a ir ,  and p re fe ra b ly  w ith  an o i l  s e a l.  C o n v e rs e ly , 
sam ples le f t  exposed to  the a tm osphere , even i f  
uncon tam ina ted  b y  b a c te r ia , w ere  s u b je c t to  ra p id  
changés o f pH , so th a t c o n v e n tio n a l m ethods o f u rine  
c o lle c t io n  fo r  2 4 -h o u r pe riods w ere  u n s u ita b le  fo r 
c o n s id e ra tio n  o f p H .
7 • U rin e  pH o f g ra z in g  ewes w as found to  v a ry  s e a s o n a lly ,,, 
b u t ,  apa rt from  a few  m onths in  th e  sum m er, i t  w as 
u s u a lly  a c id iC f Assum ing th a t g ra z in g  w e th e rs  and 
rams exc re te d  s im ila r  u r in e , s tru v ite  c a lc u lu s  fo rm a tio n  
w o u ld  be im p o s s ib le .
8 . U rin e  pH o f rams and w e th e rs  in  m e tabo lism  ca g e s ,
.w here  sam ples w ere  p ro te c te d  from  ra p id  pH change by
the  use o f th y m o l, was g e n e ra lly  a lk a lin e  b u t re s u lts  
w ere  v a r ia b le .
9 . U rin e  m in e ra l e x c re tio n  b y  sheep w as found to  be s im ila r  
to  va lu e s  reported  in  the  l i te ra tu re .  In d iv id u a ls ,  bo th  
on c o n tro l and c a lc u lo g e n ic  d ie ts  w ere  l ia b le  to  e xc re te  
in c re a se d  am ounts of phosphorus in  u r in e .
10 . In  a se rie s  o f experim en ts  in v o lv in g  172 e n tire  o r ca s tra te d  
sheep a se rie s  o f m ix tu re s , a im ed a t g iv in g  a v a r ia b le  
c a lc iu m  and phosphorus in ta k e , fa ile d  to  g iv e  c le a rc u t 
ev ide nce  th a t e ith e r  a h ig h  c a lc iu m , or a h ig h  phosphorus 
in ta k e  w as l ia b le  to  lead to  a h ig h  in c id e n c e  o f 
o b s tm c tiv e  u ro l i th ia s is .  Seven sheep d ie d  from acu te  
o b s tru c tio n  due to  c a lc u l i ,  and a fu r th e r th ree  had a n o n -  
fa ta l o b s tru c t io n . N in e ty - tw o  o f the  172 e xp e rim e n ta l
sheep had re n a l c a lc u l i  a t s la u g h te r. The h ig h e s t 
in c id e n c e  (5 o f 5 a n im a ls  co n ta in e d  re n a l c a lc u li)  
w as o b ta in e d  w hen sheep w ere fed  5 .7  g Ca and 3 .7  g 
P, b u t none o f the  5 sheep showed th e  o b s tru c tiv e  
synd rom e . A h igh  Ca in ta k e  d id  n o t, on th e  o th e r 
. hand , have a p ro te c tiv e  e f fe c t,  as c la im e d  b y  o th e r 
w o rk e rs . I t  appears th a t sheep w h ic h  are housed 
and w h ic h  are  fed  o n ly  hay may d e ve lo p  c a lc u l i .  The 
d i f f ic u l t y  o f ensu ring  in i t ia l ly  th a t the  sheep do not 
a lre a d y  c o n ta in  c a lc u l i  is  the  l im it in g  fa c to r .
11 . The p resence o f P A H -p o s itive  m a te r ia l w as con firm ed  
in  th e  c o lle c t in g  tu b u le s  o f the k id n e y . Von K o s s a - 
p o s it iv e  m a te r ia l v\/as lo ca te d  in  d is ta l tu b u le s  o r 
c o lle c t in g  d u c ts *  Both types  o f m a te r ia l w e re  found 
no t n e c e s s a r ily  a s s o c ia te d  w ith  th e  p resence  o f 
m a cro sco p ic  re n a l c a lc u l i ,  bu t th is  fa c t in  no w a y  
in v a lid a te s  the  h yp o th e s is  th a t such m a te r ia l may be 
a p re cu rso r to  c a lc u l i .
12* D e s p ite  th e  e xp e rim e n ta l d e s ig n , i t  proved im p o s s ib le  
a d e q u a te ly  to  e lim in a te  a la rge  nubiber o f v a r ia b le
fa c to rs ,  and d iffe re n c e s  w ith  th e  re s u lts  o f A m erican 
w o rk e rs , now a ls o  been reported  b y  o th e r w o rke rs  in  
the  U .S .A , ,  may be th e  re s u lt o f v a r ia t io n s  in  such 
fa c to rs  as th e  in ta k e  o f po tass ium  o r sod iu m , or 
d if fe re n t e n v iro n m e n ta l conditions {e .g .  c lim a te ) ,  or 
u n c o n tro lla b le  g e n e tic  fa c to rs  such as th e  w a te r  
con sum p tion  In  p a r t ic u la r  sheep s t ra in s .
S U M  M A R Y
O vin e  u ro li th ia s is  is  a lle g e d  to  be a s s o c ia te d  w ith  in te n s iv e  
fe e d in g  o f c o n c e n tra te s , a typ e  o f husbandry  w h ic h  has 
s im i la r i t ie s  to  methods o f re a rin g  male sheep in  S co tla n d , and 
w h ic h  may becom e in c re a s in g ly  common in  in te n s iv e  fe e d in g  
system s in  rum inan ts  in  B r ita in ,
The th e s is  is  d iv id e d  in to  th ree  p a rts . Part I  re v ie w s  the  
d is tr ib u t io n  and p re d isp o s in g  fa c to rs  o f o v in e  u ro l i th ia s is ,  
c o m p o s itio n  o f o v ine  u rin e , bo th  norm al and in  u ro l i th ia s is ,  
e xp e rim e n ta l p ro d u c tio n  b y  d ie ta ry  means and f in a l ly  th e  re n a l 
p a th o lo g y  and the  co m p o s itio n  o f c a lc u l i .
In  Part I I  v a rio u s  surveys revea led  th a t o b s tru c tiv e  
u ro li th ia s is  w as uncommon in  B rita in  e xce p t in  S co tla n d , w here 
th e  in c id e n c e  v a rie d  from 1-10%  p r in c ip a lly  among housed m ale 
sheep aged 6 m onths to  2 years  and w h e re , s in c e  cases w ere  
o fte n  fa ta l ,  th e  econom ic lo ss  was s ig n if ic a n t .
In  d e te rm in a tio n  o f the  l ia b i l i t y  o f o v in e  u r in a ry  pH to  
change under d if fe re n t co n d itio n s  o f s to ra g e , sam ples ke p t in  
sc re w -to p p e d  containers to  exc lude  a ir  underw en t no s ig n if ic a n t 
pIT change in  24 h o u rs .
6  c;
In  c a th e te r is e d  sam ples ta ke n  a t m on th ly  in te rv a ls  fo r  
seven y e a rs , from  h e a lth y  C h e v io t and H a lf-b re d  e w e s , a 
se a so n a l v a r ia t io n  w as shown in  u rin a ry  pH , w h ic h , excep t 
in  a few  summer m on ths , w as a c id ic ,  a f in d in g  c o n tra ry  to  
m ost te x tb o o k  s ta te m e n ts . U rin a ry  pH w as s ig n if ic a n t ly  
c o rre la te d  (p<T 0 .0 1 ) w ith  u rin a ry  po tass ium  c o n c e n tra t io n . 
L i t t le  c a lc iu m , m agnesium  and phosphorus w as e xc re te d  in  
u r in e , and no se a so n a l pa tte rn  w as appa ren t* P ro te in u ria  
and a c e to n u ria  occu rred  o c c a s io n a lly .
S tud ies on fo u r housed B la ck fa ce  rams (h a lf-b ro th e rs )  
show ed th a t th e ir  u r in a ry  pH w as g e n e ra lly  a lk a l in e .  U rin a ry  
m in e ra l c o n c e n tra tio n s , e s p e c ia lly  m agnesium , w ere  h ig h e r 
than In g ra z in g  e w e s . The u rin a ry  phosphorus c o n c e n tra tio n  
o f one tu p  w as s ig n if ic a n t ly  (p<C 0 .01 ) le ss  tha n  in  the  o thers
Feed ing  experim en ts  w ere  ca rr ie d  ou t on 172 B la c k fa c e  
sheep to  de te rm ine  the  in c id a n ce o f c l in ic a l  (o b s tru c tiv e ) and 
s u b c lin ic a l u ro li th ia s is  (presence o f c a lc u l i ) .  Seven an im a ls  
de ve loped  a fa ta l o b s tru c tio n  w ith  c a lc u l i ,  a fu r th e r  th ree  had 
n o n - fa ta l o b s tru c t io n , and 92 sheep had re n a l c a lc u l i .
No c a lc u l i  deve loped  in  s ix  m ale lam bs fed a m ix tu re
g ro s s ly  inadequa te  in  ca lc iu m  (0 .7  g d a ily )  and adequate  in  
phosphorus (3 .8 1  g ), fo r  120 d a y s . Two c l in ic a l  cases o f 
o b s tru c tio n  by  c a lc u l i  deve loped and fo u r o the rs  bad re n a l 
c a lc u l i  w hen ten  ca s tra te d  lam bs w ere  fed  a h ig h  ca lc iu m  
(2 .90% ) and phosphorus (1 .70% ) co n ce n tra te  m ix tu re  w ith  
roo ts  and w h e a t s tra w . K idneys o f o b s tru c te d  sheep 
dem onstra ted  hyd ronephros is  and p y e lo n e p h r it is  . O ther 
sheep showed e a r ly  fo c i o f p y e lo n e p h r it is  .
E xpe rim en t 2 em ployed a feed c o m p o s itio n  know n in  the 
U n ite d  S tates to  be c a lc u lo g e n ic  b u t,  d e s p ite  a subsequent 
in c re a se  o f the  po tass ium  a c id  phosphate  c o n c e n tra tio n  in  
the  m ix tu re  from  2 .1 4  to  4 .2 8 % , no a n im a l deve loped  
o b s tru c t io n . E ig h t o f 30 sheep had c a lc u l i  a t s la u g h te r .
On a re la t iv e ly  norm al and narrow  range o f Ga and P in ta k e s , 
d if fe r in g  q u a n tit ie s  o f con cen tra tes  and roo ts  had no e ffe c t on 
th e  deve lopm en t o f u ro l i th ia s is .  N in e te e n  o f 42 sl'ieep (45%) 
co n ta in e d  c a lc u l i ,  in c lu d in g  th ree  fa ta l i t ie s .  L jy e w e ig h t 
in c re a se  w as un re la ted  to  the presence o f re n a l c a lc u l i .
The ca lc iu m  in ta ke  was then v a rie d  in  42 c a s tra te d  lam bs 
(1 .5 1  g to  25 . 6 0  g d a ily ) ,  w h ile  the  phosphorus in ta k e  was
lo w  (1 .9  - 2 . 4 g ) .  W h ile  71% o f the  a n im a ls  had c a lc u l i ,  th e  
in c id e n c e  w as un re la ted  to  ca lc iu m  in ta k e .
The p rev ious  experim en t w as repeated w ith  ram la m bs , 
and in i t ia l ly  tw e lv e  w ere k i l le d  a fte r  135 days o f hay fe e d in g  
a lo n e , seven o f w h ic h  con ta in ed  re n a l c a lc u l i .  A fte r  96 days 
o f con ce n tra te  fe e d in g , re n a l c a lc u l i  w ere  found  in  22 /27  
sheep , in c lu d in g  tw o  an im a ls  w ith  fa ta l u r in a ry  o b s tru c t io n .
N o s ig n if ic a n t  d iffe re n ce s  in  plasm a m in e ra l v a lu e s  w ere 
dem on stra b le  be tw een  c a lc u lu s -c o n ta in in g  and o th e r she ep . 
The p a th o lo g ic a l fea tu res  o f o b s tru c tio n  w e re  s im ila r  to  tho se  
in  the  n a tu ra l d is e a s e . M ic ro c a lc u li  w ere  dem onstra ted  in  
re n a l c o l le c t in g  tu b u le s .
P y e lo n e p h ritis  was common in  o b s tru c tiv e  u ro li th ia s is  and 
w a s  co n s id e re d  som etim es to  re s u lt from a sce n d in g  in fe c t io n  
from  a u re th ro tom y w ound , and som etim es from  b lood--borne 
in fe c t io n .  G lo m e ru lo n e p h rit is  and c h ro n ic  in te r s t i t ia l  
n e p h r it is  w e re  ra re . In tra c y to p la s m ic  PA8 -p o s it iv e  g lo b u le s  
occu rred  in  the  p ro x im a l co n vo lu te d  tu b u le s  o f sheep w ith  
re n a l c a lc u l i .
On b io c h e m ic a l a n a ly s is ,  ov ine  u r in a ry  c a lc u l i  c o n s is te d
o f t r ip le  phospha te  to g e th e r w ith  some c a lc iu m  phosphate  
and in  tw o  cases w ith  ca lc iu m  o xa la te  and c a rb o n a te . X -ra y  
c ry s ta llo g ra p h y  showed th a t some c a lc u l i  w e re  am orphous in  
s tru c tu re  w h ile  o thers w ere s tm v ite  (m agnesium  ammonium 
phosphate) o r n e w b e ry ite  (m agnesium  h yd ro p h o sp h a te - 
t r ih y d ra te ) .
The re s u lts  are d iscu sse d  in  Part I I I . As s tru v ite  is  an 
im p o rtan t c ry s ta ll in e  com ponent in o v in e  c a lc u l i  in  S co tla n d , 
u r in a ry  pH is  l ik e ly  to  be a s ig n if ic a n t fa c to r  in  its  p ro d u c tio n , 
and p re c ip ita t io n  is  u n lik e ly  a t the  u r in a ry  pH encounte red  in  
g ra z in g  she e p . From the re s u lts  o f the se  expe rim en ts  i t  
appears u n lik è ly  th a t extrem e Ca and P in ta k e s , h ig h  K^FIPO 
o r a h ig h  ro o t in ta k e  are s ig n if ic a n t in  p ro du c in g  an in c rea se d  
in c id e n c e  o f c a lc u l i  in  indo o r sheep . S ince a n im a ls  
d e ve loped  c a lc u l i  on hay fe e d in g  a lo n e , i t  appears th a t 
fa c to rs  such as c lim a te , g e n e tic  p ro f ile ,  o r e lem ents such as 
K and Na may e x p la in  c e rta in  d is c re p a n c ie s  in  the se  re s u lts  
in  S co ttish  she ep .
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' A P P E N D I X
1 . A N A L Y T I C A L  M E T H O D S
ANALYTICAL METHODS FOR FOOD
A n a ly s is  w as ca rrie d  ou t on the fresh  food w h ic h  w as ground 
th rough  a C h r is ty  and N o rr is  m i l l .  I f  n e c e s s a ry , the  food 
sam ples ( i . e .  h a y , s tra w , e tc . )  w ere f i r s t  d r ie d  (95 -lO O ^C ) 
be fo re  g r in d in g , and m o is tu re  con ten t c a lc u la te d  from  these  
f ig u re s .  E s tim a tio n s  w ere made on d ry , ashed m a te r ia l.
C a lc iu m  w as e s tim a te d  us ing  an o x a la te  p re c ip ita t io n  
te c h n iq u e  and po tass ium  perm anganate t i t r a t io n  (P ipe r, 1950).
M ag ne s ium  was es tim a ted  c o lo r im e tr ic a l ly  us ing  T ita n  
y e llo w  (C o rn fie ld  and P o lla rd , 1950).
Phosphorus w as es tim a ted  us ing  the  Lorenz s u lp h a te -  
m o lyb d ic  a c id  reagent (P ipe r, 1950).
These m ethods are  fu l ly  desc ribed  b e lo w .
ESTIMATION OF C ALC IU M  IN  FOOD AND FAECES (P ip e r, 195 0) 
The a liq u o t  o f the  s i l ic a - f r e e  s o lu t io n  o f food o r faeces ash 
w as ta ke n  from  abou t 5 g o r ig in a l m a te r ia l,  and w as p lace d  in  
a 250 m l b e a ke r to  w h ic h  was added 5 -1 0  m l co n ce n tra te d  H C l 
and 1 drop o f m e th y l red in d ic a to r  s o lu t io n .
/  vJ •
1 . The s o lu tio n  is n e u tra lis e d  in  the  c o ld  b y  th e  a d d it io n  
o f d ilu te  (1 + 4) ammonia s o lu t io n , s t ir r in g  w e l l  to  a v o id 'lo c a l 
p re c ip ita t io n  o f Ca and M g phosphates th rough  e x c e s s iv e  
lo c a l a lk a l in i t y .
2 .  D i lu te  (1 + 4) H C l s o lu t io n  is  c a re fu lly  added u n t i l  the  
in d ic a to r  ju s t  tu rn s  back to  re d . :
3 .  A fte r  5 -1 0  m in u te s , 10 m l d ilu te  (1 + 19) H C l s o lu t io n  
is  added , fo llo w e d  b y  10 m l o x a lic  a c id  s o lu t io n .
4 . The m ix tu re  is  b o ile d  and th e n , u s in g  a d ip  p ip e tte ,
10 m l ho t ammonium o xa la te  s o lu t io n  is  added drop b y  d rop , 
w ith  co n s ta n t s t i r r in g .
5 . B o ilin g  is  con tinued  fo r  1-2  m inu tes  to  a s s is t  fo rm a tio n  
o f the  c o a rs e -g ra in e d  p re c ip ita te  w h ic h  may no t a lw a y s  ta ke  
p la ce  a t th is  s ta g e .
6 . The s o lu tio n  is  a llo w e d  to  c o o l,  and the n  n e u tra lis e d  
to  pH 5 to  com p le te  p re c ip ita t io n  o f ca lc iu m  o x a la te . Sodium 
a ce ta te  is  added drop b y  d rop , s t ir r in g  w e l l ,  u n t i l  the  in d ic a to r  
is  o ra n g e -p in k : i f  to o  y e llo w , a few drops o f a c e t ic  a c id  are 
added to  produce the  co rre c t c o lo u r .
7 . The s o lu t io n  pH is  a d ju s te d  to  pH 5, a llo w e d  to  stand 
o v e rn ig h t and f i l te re d  through an 11 cm W hatm an N o . 44 f i l t e r  
p a p e r. The p re c ip ita te  is  w ashed u n t i l  c h lo r in e - f r e e . I f  too  
much m agnesium  is  present in  the  o r ig in a l sa m p le , the  
p re c ip ita te  is  w ashed in d ilu te  H C l s o lu t io n ,  c o o le d , n e u tra l­
ise d  and re p re c ip ita te d  as in  the  f i r s t  p re c ip ita t io n .
8 . The p re c ip ita te d  ca lc iu m  o xa la te  is  w ashed  from  the  
f i l t e r  paper, and an excess o f d ilu te  (1 + 4) s u lp h u r ic  a c id  
and warm  w a te r  is  added u n t i l  a l l  the  o x a lic  a c id  is  in  
s o lu t io n .  The s o lu t io n  is  warm ed to  7 0^C and t it ra te d  w ith  
Ool N po tass iu m  perm anganate .
F in a lly ,  the  f i l t e r  paper is  added and the  s o lu t io n  is  s t ir re d  
u n t i l  the  c o lo u r is  d ischa rge d  and t i t r a t io n  is  c o n tin u e d  to  the  
f in a l e n d -p o in t.
I m l O . l N K M n O ^  = 0 . 0020 g C a .
ESTIMATION OF MAGNESIUM  IN  FOOD (C o rn fie ld  and P o lla rd , 195 0)
The a liq u o t o f th e  ash s o lu t io n  re p re se n tin g  2 0 -40  mg food 
o r fae ces  is  p lace d  in  a la rge  te s t tu b e ,
1 . 1 m l o f "M a gn es iu m  C om pensa ting  S o lu tio n "  is  added
to  the a l iq u o t .  (This s o lu tio n  is  prepared as fo llo w s  ; 13 . 9  g 
o f pure anhydrous C a C l and 0 .88  g o f po tash  a lum  are d is s o lv e d  
in  w a te r , and 0 .96  g o f po tass ium  d ihyd rog en  phosphate  added 
and the  vo lum e made up to  1 l i t r e .  The s o lu t io n  co n ta in s  5 mg 
C a , 500 pg (as PO^) and 50 pg A1 pe r m l) .
2 . 1 m l o f f re s h ly  prepared 2 . 5% M a n n ito l s o lu t io n  is  
added to  p reven t in te rfe re n ce  from M n .
3 . The vo lum e is  made up to  e x a c t ly  2 0 m l b y  d is t i l le d  
w a te r .
4 . 2 m l o f a fre sh  0,05% T itan  Y e llo w  s o lu t io n  is  added 
and then 2 m l 3 N N aO H , a fte r  w h ic h  the m ix tu re  is  shaken 
w e l l .
5 . The m ix tu re  is  le f t  un d is tu rbe d  fo r  e x a c t ly  10 m in u te s , 
and ag a in  shaken and tra n s fe rre d  to  an 8 m l EEL c o lo r im e te r 
tube  *
6 . The rea d ing  is  made im m e d ia te ly  u s in g  a green f i l t e r  
N o . 625,  a b la n k  o f d is t i l le d  w a te r b e in g  0 .
CALCULATION
I f  X mg o f M g  are p resen t in  the a l iq u o t,  re p re se n tin g  y mg
Xfood or fa e c e s , then  % mg ™ — x  100.y
ESTIM ATION OF PHOSPHORUS IN  FOOD (P ipe r, 1950)
Lorenz reagen t I (s u lp h a te -m o ly b d ic  a c id ) : d is s o lv e  100 g 
am m onium  su lp h a te  in  1 l i t r e  n i t r ic  a c id  o f S . G .  1 . 36  a t 1 5 ^0  
in  a 2 - l i t r e  f la s k .  Then 300 g ammonium m o iybda te  is  
d is s o lv e d  in  ho t w a te r , tra n s fe rre d  to  a l i t r e  m easuring  f la s k ,  
co o le d  to  abou t 2 O^C, d ilu te d  to  the m ark, and m ixed w e l l .
The m o iybda te  s o lu tio n  is  added in  a th in  s trea m , sh a k in g  w e l l ,  
to  th e  co n te n ts  o f the  2 - l i t r e  f la s k .  I t  is  a llo w e d  to  stand 
fo r  48 hours a t toom  tem p era tu re , f i l te re d  and s to red  in  a 
s toppe red  reagen t b o tt le  in  a re fr ig e ra to r .
1 . A s u ita b le  a liq u o t o f 2 5 m l food o r faeces ash s o lu t io n  
(= 0.05 g o r ig in a l m a te ria l) is  tra n s fe rre d  to  a t a l l  shaped 
b e a ke r and evapo ra ted  to  d ryness on a h o tp la te .
2 . 5 m l w a te r  -h 5 m l co n e , n i t r ic  a c id  are  added and the  
m ix tu re  a g a in  evapora ted  to  d ryn e ss .
3 . The re s id u e  is  d is s o lv e d  in  1 5 - 1 5 . 5  m l c o n c . n i t r ic  
a c id  and 34 m l w a te r and 1 m l c o n c . s u lp h u r ic  a c id  is  ad de d .
4 . The m ix tu re  is  heated ju s t  to  b o i l in g ,  s t ir r in g  w e ll  to  
d is s o lv e  m ost o f the  ca lc iu m  s u lp h a te . The be a ke r is  
rem oved from th e  fla m e , s t ir re d  fo r  10 seconds to  c o o l the  
ove rhea ted  s ides  o f the  b e ake r, and 5 0 m l o f the  Lorenz reagent 
is  ra p id ly  added , the  con ten ts  are s t ir re d , th e  b e a ke r is  
cove red  and le f t  to  stand a t le a s t 2 h o u rs .
5 . The b e a ke r co n te n ts  are f i lte re d  th ro ug h  a G ooch 
c ru c ib le  f i t te d  w ith  a s m a ll W hatm an N o . 42 f i l t e r  paper to  
co ve r th e  h o le s  o n ly .  (The c ru c ib le  and f i l t e r  paper are d ried  
fo r  15 m inu tes  in  an oven be fo re  u se ),
6 . The p re c ip ita te  is  w ashed 4 tim e s  w ith  2% ammonium 
n itra te  made ju s t  a c id  to  litm u s  w ith  a drop o f n i t r ic  a c id  i f  
n e c e s s a ry .
7 . The p re c ip ita te  is  w ashed 3 tim es  w ith  ace ton e  and 
a ir  is  draw n th rough the c ru c ib le  fo r i  -  1 m in u te ,
8 . The c ru c ib le  is  f in a l ly  p laced  in  a d e s s ic a to r ,  w ith o u t 
d e h yd ra tin g  a g e n ts , evacua ted  to  about 2 00 mm and le f t  fo r  30 
m inu tes  b e fo re  w e ig h in g ,
CALCULATION
The am ount o f p re c ip ita te  is  m u lt ip lie d  b y  0 , 0144 to  g iv e  
th e  am ount o f P.
ESTIM ATION OF CALCIUM  IN  BIO C HEM ICAL FLUIDS 
BY THE ETHYLENEDIAMINE TETRA-ACETIC A C ID  
( E . D . T . A o )  PROCEDURE
P rin c ip le
Ammonium purpurate  produces a red c o lo u r  w ith  ca lc iu m  io n s . 
The m ix tu re  is  t it ra te d  w ith  E .D .T .A  * , w h ic h  form s a s ta b le  
u n io n is e d  com p lex  w ith  th e  ca lc ium  io n s . W hen a l l  the  free  
c a lc iu m  io n s  have  been bound in  th is  w a y , th e  In d ic a to r  re tu rns  
to  i ts  o r ig in a l b lu e  co lo u r* The end p o in t is  d e te c te d  on the  
ga lva n o m e te r o f the  EEL t i t r a  to r .  M ag ne s iu m  does no t in te rfe re  
a t th e  degree o f a lk a l in i ty  produced by  6 m l ^  N aO H * Phosphate 
in te rfe re s  o n ly  above 12 mg%* Removal o f th e  phospha te  from  
u rin e  by  means o f an ion  exchange re s in  may be n e c e s s a ry .
M  ethod
1 . In to  a 10 m l cu ve tte  was p ip e tte d  0 .5  m l serum , 3 .0  m l 
am m onium  purpura te  s o lu t io n , 6 *0  m l ^  N aO H  ( fre s h ly  p re pa red ). 
A s m a ll m e ta l s t ir re r  p la tfo rm  o f the EEL t i t r a  to r .  S w itch  on 
sHràng m echanism  * The t ip  o f an a u to m a tic  2 m l re s e rv o ir  
b u re tte  -  E -m l G *3 .2  852 -  co n ta in in g  0*036% E . D . T . A .  
s o lu t io n  w as p laced  ju s t be low  the  su rfa ce  o f th e  s o lu t io n  in  
th e  c u v e tte *  C are was ta ke n  to  a vo id  o b s tru c tin g  th e  l ig h t  path 
th ro ug h  the  c u v e tte .
2o A 606 y e llo w  f i l t e r  was p laced  in  th e  t i t r a to r ,  and b y  
tu rn in g  the  s e n s it iv i ty  c o n tro l c lo c k w is e , the  g a lva n o m e te r w as 
se t to  100 on the lo w e r (lin e a r) s c a le *
3 . The m ix tu re  was t it ra te d  w ith  th e  E . D . T . A *  u n t i l  the  
ga lva no m e te r spo t w h ic h  s lo w ly  moves to  the  le f t  du rin g  the  
t i t r a t io n ,  rem ained s ta tio n a ry *  The t i t r a t io n  w as s ta rte d  by  
ad d ing  0 .1  m l vo lum es o f E . D . T . A .  and reduced to  vo lum es 
o f 0.01 m l as the  end p o in t approached .
4 . A b la n k , and a 10 mg% Ca s tanda rd  s o lu t io n  w ere 
t it ra te d  as above us ing  0 .5  m l 10 mg% Ca s tandard  re s p e c t iv e ly .  
S ince the  m ethod is  lin e a r up to  a t le a s t 40 mg% o n ly  one 
s tandard  s o lu t io n  w as n e ce ssa ry .
5 . The re s u lt  in  mg% w as c a lc u la te d  from  th e  fo rm u la  
b e lo w , w here 0 .5  m l o f bo th  unknown and s tandard  w as t i t r a te d .
T itra t io n  o f unknown -  t i t r a t io n  o f b la n k  
T it ra t io n  o f standard -  t i t r a t io n  o f b la n k  ^
DETERMINATION OF PLASMA PHOSPHORUS BY THE METHOD 
OF FISKE AND 8UBBAROW (1925)
1 . There w as p ip e tte d  6 m l d is t i l le d  w a te r , 0 .3  m l plasm a
and 1 .2  m l 2% tr ic h lo ra c e t ic  a c id  in to  a 15 m l c e n tr ifu g e  tu b e . 
A fte r  m ix in g  w e l l ,  i t  was a llo w e d  to  s tand  fo r  a few  m inutes 
and c e n tr ifu g e d  a t 3000 rpm fo r  5 m in u te s .
2 . Then 5 m l o f the  c le a r  superna ten t w as p ip e tte d  in to  a 
c le a n , dry te s t tube  and had added 0 .8  m l o f 5% ammonium 
m o iybda te  in  15% su lp h u ric  a c id ,  fo llo w e d  b y  0 .2  m l a m in o - 
n a p h th o ls u lp h u ric  a c id .  I t  w as a llo w e d  to  s tand  e x a c t ly  5 
m inu tes and com pared in  e ith e r  the  EEL c o lo r im e te r  w ith  f i l t e r  
205 or th e  spectropho tom ete r m odel 600 (U n icam ) a t w a ve le n g th
680 mjUo
3 . P rep a ra tion  o f the  s ta n d a rd * Take 5 m l o f s tanda rd  
phospha te  s o lu t io n  (0.02 mg P in  5 ml) in s te a d  o f th e  5 m l o f 
c le a r  sup e rn a ten t and proceed as a b o ve .
4 . P rep a ra tion  o f the  b la n k . Take 5 m l o f d is t i l le d  
w a te r  in  p la ce  o f the  c le a r  superna ten t and proceed as a b o ve .
5 . The re s u lt  in  mg pe r 100 m l w as c a lc u la te d  as b e lo w ;
0.02 X —  X 7 ~ r  X 100
S t a n d a r d  5 0.3
_  ■ . ■ ■ X  1 0 0
s tanda rd
DETERMINATION OF BLOOD UREA BY UREASE 
NESSLERISATION METHOD (V a rle y , 1964)
P r in c ip le
The sam ple  o f b lo o d  is  in cub a ted  w ith  th e  enzym e urease 
w h ic h  co n ve rts  the  urea to  am m on ia . The p ro te in s  are 
p re c ip ita te d  and th e  c o lo u r produced w ith  N ess 1e r's reagent 
com pared c o lo r im e tr ic a l ly  w ith  th e  c o lo u r p roduced under the  
same c o n d it io n s  w ith  a standard urea s o lu t io n .
M e th o d
lo  T e s t s o lu t io n  : add 0 .2  m l p lasm a to  a 15 m l tape red  
c e n tr ifu g e  tube  c o n ta in in g  3 m l is o to n ic  sod ium  su lp h a te  s o lu t io n .
2 o S im ila r  q u a n tit ie s  o f a s tandard  urea s o lu t io n  and o f 
d is t i l le d  w a te r  are prepared in  the  same w a y .
3 .  Tubes are p laced  in  w a te r ba th  w h ic h  is  hea ted  to  37 ^ C .
4 .  Add to  each tube  0 .2  m i o f urease su sp e n s io n  prepared 
b y  g r in d in g  one urease ta b le t  in  5 m l o f 30% m e th a n o l. S topper 
tub es  w ith  rub be r b u n g s , m ix  and in cu b a te  fo r  20 m inu tes  a t 3 7 ,
5 . To each tube  add 0 .3  m l o f z in c  su lp h a te  s o lu t io n  and 
0 .3  m l o f 0 .5  N sodium  h yd ro x id e  to  p re c ip ita te  p ro te in s , 
m ix in g  b y  in v e rs io n  a fte r  each a d d it io n .
• 6o C e n tr ifu g e  o r f i l t e r  th rough a s m a ll (7 o r 5 .5  cm) W hatm an 
N o . 41 f i l t e r  p a p e r. T reat 2 m l o f sup e rna ten t w ith  5 ml .of 
am m onia " fre e  d is t i l le d  w a te r and 1 m l N e s s le r 's  reagent and read 
a g a in s t w a te r  im m e d ia te ly  in  the  sp e c tro p h o to m e te r m odel 600 
(U nicam ) a t w a ve le n g th  45 0 m p.
U rin e  urea is  m easured b y  the  same m e thod .
PLASMA AND URINARY SODIUM  AND POTASSIUM
Plasma and u r in a ry  sodium  and potamsium w ere  e s tim a te d  b y  
a Sterne pho tom ete r (EEL) te ch n iq u e  (V a rle y , 1964)*
PD\SMA PROTEIN
Plasma p ro te in  w as e s tim a te d  by  B iu re t m ethod , in v o lv in g  
a m o d if ic a tio n  o f th e  m ethod o f Re in h o ld  (1953) fo r  to ta l p ro te in  
o n ly ,
URINE PROTEIN
U rin e  p ro te in  w as es tim a te d  u s ing  s u l fo s a l ic y l ic  a c id  
p re c ip ita t io n  m ethod o f K ing  and H a s le w o o d  (1936) *
H ISTO LO G ICAL TECHNIQUES
S ections o f t is s u e s  w ere  f ix e d  in  10% fo rm a lin , trim m ed 
a f te r  an in te rv a l v a ry in g  from  1 w eek to  3 m on ths , and w e re  
th e n  pu t th ro ugh  a doub le  em bedding s e r ie s , in v o lv in g  the  
fo llo w in g  s tages :
( i
( i i
( i i i
( iv
(v
(v i
( v i i
( v i i i
( ix
80% s p ir i t  : 4 -8  hours ;
8% Phenol M e th .  : 18-24 hours;
3 changes o f a b so lu te  a lc o h o H  2 hours each;
e q u a l pa rts  o f a b s o lu te  a lc o h o l/a m y l a c e ta te : 1 -2  hours ;
3 changes a m y l a ce ta te ;
3 changes 1% C e ilo id in  in  m e th y l be n zo a te : 24 hours each; 
Benzene 10 -12  m inu tes ;
2 changes p a ra ff in  w a x  ; 3 hours each; 
embed in  p a ra ff in  w a x  *
S ta in in g  m ethods em ployed w e re  h a e m a to x y lin  and e o s in , 
p e r io d ic  a c id  -  S c h iff  (C a rle to n , 1957) and Von Kossa (Pearse, 
1954) ,
2 .  PHOTOGRAPHIC ILLUSTRATIONS
iPLATE 1. OPENED BLADDER OF RAM SHOWING HAEMORRHAGIC CYSTITIS.
PROBE POINT IS SITUATED OVER RUPTURE SITE, ALMOST 
OCCLUDED BY BLOOD
PLATE 2. LONGITUDINAL SECTION THROUGH TWO KIDNEYS SHOWING TWO DISCRETE 
CALCULI IN ONE CASE, AND SMALLER AMOUNTS OF CALCULUS DEBRIS 
IN SECOND CASE. KIDNEYS ARE MACROSCOPICALLY NORMAL (2 398 0 /1 9 )
PLATE 3. LEFT: RENAL AND URETERAL CALCULI. DILATATION WITH OEDEMA
AND INFLAMMATORY REACTION IN URETER. RIGHT: RENAL CALCULI
WITH CONGESTION AT CORTICO-MEDULLARY JUNCTION; NORMAL URETER
cPLATE 4A. KIDNEY, URETER AND BLADDER, SHOWING SEVERE HYDRONEPHROSIS, 
PELVIC AND URETERAL CALCULI, AND MARKED THICKENING OF THE 
URETER. hENAL CIEDULLA IS  AI
PLATE 48 . ENLARGED VIEW OF PLATE 4A, SHOWING 
KIDNEY APPEARS PALE AND FIBROTIC.
S OF URETERAL CALCULI.
PLATE 5. OPENED BLADDER AND DISTAL PENIS, INCLUDING GLANS AND 
VERMIFORM APPENDAGE OF RAM WHICH DIED OF OBSTRUCTIVE 
UROLITHIASIS. A. COLLECTION OF SEMI-TRANSLUCENT 
CALCULI B. THICKENED AND ROUGHENED BLADDER EPITHELIUM 
C. SEVERAL CALCULI IMPACTED IN APPENDAGE
PLATE 6. LEFT KIDNEY OF LAMB WITH SEVERE HYDRONEPHROSIS, SMALL RENAL 
CALCULI, AND MULTIPLE SUPPURATIVE CORTICAL FOCI. SEVERE 
PYELONEPHRITIS. (26695/23L)
PLATE 7. RIGHT KIDNEY OF SAME LAMB, SHOWING EARLY HYDRONEPHROSIS, 
FAINT PALE AREAS ARE VISIBLE IN CORTEX. PYELONEPHRITIS. 
(25595/23R)
PLATE 8. BLADDER EPITHELIUM SHOWS TWO AREAS OF BLADDER WALL RUPTURE, 
WITH SURROUNDING HAEMORRHAGE
PLATE y. SECTION OF LEFT KIDNEY SHOWING SEVLnL CORTICAL FIBROSIS, AND 
EXTENSIVE TUBULAR DILATATION, ALSO TUBULAR CASTS AND A MONC- 
imU C L L h K CELLULAR INFILTRATION. H & E x45 (24852)
PLATE 10. SECTION OF KIDNEY SHOWING TUBULAB DILATATION INDICATIVE OF 
HYDRONEPHROSIS, AND MILD LYMPHOCYTE INFILTRATION. H & E. 
x150 (25337L)
PLATE 11. RENAL INFARCT VISIBLE ON CORTICAL SURFACE (25337)
t h V,
PLATE 12. SECTION THROUGH KIDNEY ABOVE, SHOWING PALE CORTICAL AREA 
AT A, AND DARKER MEDULLARY AREA, B. FURTHER RECENT AND 
OLDER INFARCTS ARE VISIBLE AT C AND D.
PLATE 13 SECTION OF PELVIC EPITHELIUM SHOWING NECROSIS, WITH LINE 
OF HAEMORRHAGE (A) DEMARCATING NECROTIC AREA. A FEW 
TUBULES CONTAIN CASTS. H & E x 45 (3 0 7 1 0 ).
PLATE 14A. SECTION OF RENAL CORTEX SHOWING SEVERE PYEL0NEPHRITI5WITH 
AREAS Ol^  INTENSE CELLULAR REACTION (A ) ,  TUBULAR DILATATION 
WITH CASTS (B ) ,  AREAS OF FIBROSIS (C) AND SOME RELATIVELY 
UNALTERED TUBULES (O ). H & E x 45 (3 0 8 5 9 ).
PLATE 148. SECTION OF RENAL CORTEX WITH SEVERE PERITUBULAR FIBROSIS 
AND PROMINENT TUBULAR CASTS. H & E x 300 (3 0 8 5 9 ) .
1
»
PLATE 15. SECTION OF RENAL PELVIS WITH MODERATE PYELONEPHRITIS, 
INVOLVING POLYMORPH INVASION, DESTRUCTION OF GLOMERULI 
AND TUBULES. NOTE DEBRIS IN DILATED TUBULES.
H & E X 150 (3 0 8 5 9 ).
gPLATE 16. SECTION OF RENAL CORTEX SHOWING ACUTE INTERSTITIAL 
REACTION. SOME TUBULES APPEAR RELATIVELY NORMAL.
OTHERS SHOW EVIDENCE OF SURROUNDING CHRONIC INTERSTITIAL
E X 150 (3 0 8 5 9 ).
PLATE I 7 ï ACUTE P Y E L I T I s T ^ ^ A f  OF 
F IB R O S IS  ( A ) ,  AND INFLAMMATORY CELLULAR DEBRIS IN  
LUMEN. H & E X 5 0 .
PLATE 18. HIGH POWER VIEW OF PART OF PLATE 17, SHOWING EPITHELIAL 
DESQUAMATION AND CELLULAR DEBRIS. H & E x 150.
PLATE 19. PORTION OF CALYX WITH PYELITIS; FOC/V. AREAS OF 
POLYMORPHONUCLEAR INVASION, AND DESQUAMATION OF 
EPITHELIUM. H & E X 50.
PLATE 20. DARK RED CALCULUS MATERIAL IN KIDNEY, WHICH SHOWS MILD 
HYDRONEPHROSIS, MULTIPLE CYST FORMATION AND PALE RADIAL 
STREAKS FROM CORTEX INTO MEDULLA. CALCULI WERE COMPOSED 
OF TRIPLE PHOSPHATE CRYSTALS, BLOOD AND CELLULAR DEBRIS. 
CHRONIC NEPHRITIS.
